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Summary
In the German Bight (south-eastern North Sea), recent high eﬀorts of at-sea studies have
led to an increasing knowledge of key hotspots and general distribution patterns of the
most common seabird species. Distribution patterns were shown to undergo temporal
variation, in particular at the order of seasons. So far, less attention was paid to vari-
ability of distribution patterns at smaller time scales. Variability of seabird distribution
complicates conservation and management eﬀorts as it constrains the ecological evalua-
tion of speciﬁc areas, the calculation of total numbers, and the assessment of population
trends or shifts in distribution. The next step on our way to a thorough picture of the
life of seabirds at sea has thus to be the understanding of factors and processes driving
the observed patterns. This thesis consequently focused on habitat choice of seabirds in
the German Bight and on temporal variability of seabird distribution patterns. Study
objectives were addressed by analysing dedicated seabirds at sea surveys and long-term
survey data.
Small scale temporal variability of seabird distribution patterns was found to be sub-
stantial at the order of days. However, several factors and mechanisms inﬂuencing
distribution patterns and their temporal variation at the order of seasons and days were
identiﬁed. A signiﬁcant inﬂuence was revealed for large scale hydrographic structures,
i.e. water masses, small scale hydrographic structures such as fronts, tidal stage, wind
speed and ﬁshing activity. Most of these factors represent direct or indirect indicators
of food availability for seabirds. The connecting link between hydrographic features and
seabird distribution was addressed in one case study dealing with the diet of Black-legged
Kittiwakes Rissa tridactyla in the study area. Their main prey was found to be juvenile
Whiting Merlangius merlangus. These ﬁsh concentrate in frontal areas of the North
Sea. Accordingly, Kittiwakes showed a signiﬁcant association with fronts in the German
Bight in summer. Habitat choice is additionally inﬂuenced by the presence of other
individuals. Results of this thesis implied a signiﬁcant inﬂuence of intraspeciﬁc competi-
tion on seabird distribution. Seasonally diﬀering distribution patterns of seabirds were
paralleled by seasonal diﬀerences in habitat choice, comprising both diﬀerences in the
quality and the strength of habitat bonds. No obvious contrasts in habitat preferences
were found between winter and summer surveys but habitat bonds varied in strength.
Seasonality of habitat choice was explained by seasonally varying food availability and by
diﬀering demands of birds. Analyses of seasonal diﬀerences in at-sea activity of seabirds
e.g. implied signiﬁcantly higher demands of birds during the breeding season.
The information derived in this thesis contributes to our understanding of seabird habi-
tat choice at sea and provides the basis for the design of future monitoring programmes
and conservation measures.
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Zusammenfassung
In der Deutschen Bucht (südöstliche Nordsee) konnte in den letzten Jahren durch in-
tensive Studien auf See eine verbesserte Kenntnis der Verbreitungsschwerpunkte und
der generellen Verteilungsmuster für die häuﬁgsten Seevogelarten gewonnen werden. Es
konnte gezeigt werden, dass die Verteilungsmuster zeitlich variieren, insbesondere auf
der Ebene der verschiedenen Jahreszeiten. Der Variabilität von Verteilungsmustern auf
geringerer zeitlicher Ebene wurde bisher jedoch weniger Aufmerksamkeit geschenkt. Die
Variabilität von Seevogelverteilungsmustern erschwert Naturschutz- und Management-
maßnahmen, da sie die ökologische Bewertung von Gebieten, die Bestandsberechnung
und die Erfassung von Bestandstrends und Bestandsverlagerungen beeinträchtigt. Der
nächste Schritt zu einem umfassenden Bild der Biologie von Seevögeln auf See muss
deshalb das Verständnis der für die beobachteten Muster verantwortlichen Faktoren und
Prozesse sein. Im Fokus dieser Doktorarbeit stand deshalb die Habitatwahl von Seevö-
geln in der Deutschen Bucht und die Variabilität von Seevogelverbreitungsmustern auf
geringer zeitlicher Ebene. Um diese Ziele zu erreichen, wurden Seabirds at Sea Daten
von Spezialreisen und Langzeituntersuchungen ausgewertet.
Insgesamt wurde ein erhebliches Ausmaß kleinskaliger zeitlicher Variabilität nachgewie-
sen. Es wurden jedoch verschiedene Faktoren und Prozesse identiﬁziert, die einen Einﬂuss
auf die Verteilungsmuster und deren zeitliche Variabilität auf der Ebene von Jahreszei-
ten und Tagen haben. Ein signiﬁkanter Einﬂuss wurde für großskalige hydrographische
Strukturen (Wassermassen), kleinskalige hydrographische Strukturen (Fronten), den Ge-
zeitenzyklus, die Windgeschwindigkeit und die Fischereiaktivität nachgewiesen. Die mei-
sten dieser Faktoren stellen direkte oder indirekte Zeiger für die Nahrungsverfügbarkeit
für Seevögel dar. Die Verbindung zwischen hydrographischen Strukturen und der Ver-
breitung von Seevögeln wurde in einer Fallstudie zur Nahrung der Dreizehenmöwen
Rissa tridactyla im Untersuchungsgebiet untersucht. Die Hauptbeute, junge Wittlinge
Merlangius merlangus, sammelt sich in Frontengebieten der Nordsee. In Übereinstim-
mung damit wurde eine signiﬁkante Assoziation von Dreizehenmöwen mit Fronten der
Deutschen Bucht im Sommer festgestellt. Zusätzlich wird die Habitatwahl von der An-
wesenheit anderer Individuen der gleichen Art beeinﬂusst. Verschiedene Ergebnisse in
dieser Doktorarbeit lassen auf einen signiﬁkanten Einﬂuss von intraspeziﬁscher Konkur-
renz auf die Verteilung von Seevögeln schließen. Mit saisonal variierenden Verteilungs-
mustern von Seevögeln gehen Unterschiede in der Habitatwahl zwischen verschiedenen
Jahreszeiten einher, die sowohl Unterschiede in der Qualität als auch der Stärke der Habi-
tatbindungen umfassen. Oﬀenkundige Gegensätze in Habitatpräferenzen wurden dabei
nicht festgestellt, jedoch variierte die Stärke der Habitatbindungen. Die Saisonalität der
xi
Zusammenfassung
Habitatwahl wurde zum Einen durch jahreszeitliche Variationen in der Nahrungsver-
fügbarkeit und zum Anderen durch unterschiedliche Ansprüche der Vögel erklärt. Eine
Analyse der jahreszeitlichen Unterschiede in der Aktivität von Seevögeln auf See ließ auf
einen signiﬁkant höheren Energiebedarf während der Brutzeit schließen.
Die im Rahmen dieser Doktorarbeit erworbenen Kenntnisse tragen zum Verständnis
der Habitatwahl von Seevögeln auf See bei und bilden die Basis für die Entwicklung
zukünftiger Monitoringprogramme und Naturschutzmaßnahmen.
xii
1 General Introduction and Methods
1.1 Scientiﬁc background
In the south-eastern North Sea, the German Bight, recent high eﬀorts of at-sea studies
have led to increasing knowledge of key hotspots and general distribution patterns of
the most common and characteristic seabird species (Garthe et al. 2003b, Garthe and
Schwemmer 2005). Distribution patterns were shown to undergo temporal variation at
various scales. Pronounced diﬀerences were in particular revealed at the order of seasons
as depicted in the example of the Black-legged Kittiwake Rissa tridactyla (Fig. 1.3).
So far, less attention was paid to variability of seabird distribution patterns at smaller
temporal scales, e.g. at the order of weeks, days and hours. However, small and meso
scale variability can be substantial, thus constraining explanatory power of mean distri-
bution patterns. Variability of seabird distribution patterns consequently complicates
conservation and management eﬀorts as it constrains (a) the ecological evaluation of
speciﬁc areas, (b) the calculation of total numbers, and (c) the assessment of popula-
tion trends or shifts in distribution. The next step on our way to a thorough picture
of the life of seabirds at sea has thus to be the understanding of processes driving the
observed patterns (Hunt 1990, Shealer 2002). A comprehensive knowledge of the factors
and mechanisms inﬂuencing seabird distributions will enable us (a) to evaluate results of
past and future studies on seabird distribution patterns, e.g. by assessing the importance
and stability of observed concentrations, (b) to predict distribution patterns of seabirds,
(c) to design monitoring programmes focusing on changes in distribution and numbers,
(d) to evaluate consequences of anthropogenic impacts and (e) to set up appropriate
conservation measures.
This thesis consequently focused on the habitat choice of seabirds at sea in the German
Bight in order to reveal the environmental characteristics that cause and drive distri-
bution patterns and their variation in time and space. Special emphasis was laid on
hydrography as this factor proved to be a key determinant of seabird distribution in
many studies all over the world (for reviews see Brown 1980, Hunt and Schneider 1987,
Haney and Solow 1992) as well as in the North Sea (e.g. Garthe 1997, Skov and Dur-
inck 2000). Hydrography represents the major physical aspect of the marine habitat
of seabirds. It forms the living conditions for prey organisms of seabirds and can thus
be used as an indicator for prey availability. Thus, an association of a speciﬁc seabird
species to a particular water mass can be explained by the occurrence of a preferred prey
1
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organism that is linked to this water mass. In the German Bight, this link between hy-
drography and the distribution of seabirds was so far not studied in situ and assumptions
based on literature only could be made regarding the underlying causes for the associa-
tion of seabirds to diﬀerent hydrographic structures (see e.g. Garthe 1996, chapter 5.4.2,
page 83). Sampling of the abundance of seabird prey organisms such as ﬁsh and zoo-
plankton however was not possible within the scope of this thesis. However, information
on the link between hydrography and seabirds may also be derived by studying diet
composition of seabirds. Knowledge of habitat choice of the prey organisms consumed
can thus infer information on the foraging area of the bird.
Like the marine environment in general, hydrography is characterised by strong hetero-
geneity at diﬀerent scales of space and time. Patterns of seabird distribution and abun-
dance thus emerge at various scales reﬂecting the inﬂuence of diﬀerent oceanographic
features and processes aﬀecting prey availability of seabirds (Hunt and Schneider 1987).
An important property of oceanographic structures is a positive relation between space
and time such that large structures remain relatively stable while a decreasing size gen-
erally is connected to a decreasing longevity (Stommel 1963, Haury et al. 1978). Thus,
a link of seabird occurrence to smaller habitat features implies also temporal variation
of seabird distribution patterns at smaller time scales.
In the German Bight, the distribution of several seabird species was shown to correlate
signiﬁcantly with the occurrence of the two main water masses (Garthe 1997) which
represent large scale hydrographic structures within this area. Overall, an association of
seabirds to small short-lived hydrographic structures has been seldom revealed and most
seabird-hydrography associations refer to large stable structures such as water masses
and shelf-break fronts. To my knowledge, the correlation of the distribution of Black-
throated Gavia arctica and Red-throated Divers G. stellata with fronts in the river Elbe
outﬂow region of the German Bight (Skov and Prins 2001) so far represents the only
documentation world-wide that describes a signiﬁcant inﬂuence of river plume fronts on
seabird distribution. It is worthwhile to study the eﬀect of small scale hydrographic
structures in the German Bight as the hydrography in this area is characterised by very
high variability both in time and space (Becker and Prahm-Rodewald 1980). Dominant
hydrographic structures comprise two diﬀerent water masses and diﬀerent fronts which
vary in extent, strength and longevity (see chapter 1.3.1, page 4). With the exception
of the study mentioned above, an inﬂuence of these diﬀerent types of fronts on the
distribution of seabirds in the German Bight was so far not studied in detail.
Moreover, an extensive analysis of the relation between hydrography and seabird dis-
tribution in the German Bight comprising all common seabird species was only carried
out for the inﬂuence of water masses during summer (Garthe 1997). The correlation
of divers with estuarine fronts on the other hand was tested with a dataset comprising
surveys from October to May (Skov and Prins 2001) and thus the main period of their
presence in the study area. Except for these species, no information so far existed on
habitat choice of seabirds outside the summer period. However, habitat choice of birds
may vary substantially between seasons due to diﬀering demands of birds and varying
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habitat quality.
In general, the habitat of a species or individual is chosen to enhance survival and/or in-
crease reproductive success (Salewski and Bruderer 2007). Proximate factors controlling
habitat choice are the structure of the landscape, resources for foraging or reproduc-
tion and the presence of other individuals which represent e.g. competitors, predators
or providers of information and resources (Bezzel and Prinzinger 1990). These factors
however undergo temporal variation, e.g. in the form of vegetation growth in terrestrial
habitats, depletion of resources, migration and reproduction of competitors, predators
and prey organisms. In consequence, habitat quality is not stable over time and thus
forces individuals to alter habitat choice in reaction to this variation.
Moreover, diﬀerent life stages and seasons impose diﬀering demands on individuals. A
typical migrating bird species e.g. has to select for diﬀerent habitats throughout the
annual cycle. During the breeding season, birds choose their habitat e.g. according to
the presence of suitable nesting sites, the level of competition and predation, and the
availability of food resources enabling self-provisioning and chick-rearing. During migra-
tion, birds have to select for stop-over sites enabling fast refuelling, while wintering or
staging areas have to be selected to increase survival. Thus, the same habitat can be
expected to play a diﬀerent role for a particular seabird species throughout the annual
cycle. The German Bight is inhabited by several species which occur in relatively high
numbers throughout the year (Garthe et al. 2007). Diﬀering total numbers and diﬀering
distribution patterns imply a seasonally varying role of this region for these species. An
analysis of habitat choice in the diﬀerent seasons can be expected to contribute to our
understanding of the observed diﬀerences.
3
1 General Introduction and Methods
1.2 Study objectives and Chapter outline
This thesis aimed at ﬁlling important gaps described above. In consequence, the following
study objectives were derived:
(1) Habitat choice was studied by identifying factors controlling and shaping seabird
distribution patterns in the German Bight. Special emphasis was placed on hydro-
graphical features, in particular the inﬂuence of small scale structures such as
fronts (chapter 2, page 13).
(2) Diet composition of a key study species, the Black-legged Kittiwake, was analysed to
gain information on the link between hydrography and seabird distribution
(chapter 3, page 27).
(3) Several case studies were combined to assess the extent of temporal variability
of seabird distribution patterns at smaller scales (weeks, days, hours) and to
identify possible controlling environmental factors (chapter 4, page 49).
(4) Variability of habitat choice was studied with respect to seasonally diﬀering
habitat preferences and strength of habitat-seabird relationships (chapter 5, page 71).
Seasonality of habitat choice is driven by varying habitat quality and by varying
demands of birds. In this context, I studied seasonality of seabird activity to infer
information on the diﬀering demands (chapter 6, page 89).
1.3 General Material and Methods
1.3.1 Study area
Hydrography
The German Bight is a shallow shelf sea region of the south-eastern North Sea and is
deﬁned here as the area between 53.35◦ and 55.2◦ N and 4.4◦ to 9.2◦ E (Fig. 1.1). Apart
from the pelagic oﬀshore region it includes extensive Wadden Sea areas and tidally inﬂu-
enced estuaries of several large rivers like Elbe and Weser, covering on the whole about
50,000 km2. The hydrographic situation is characterised by tidal currents and substan-
tial gradients in salinity that are formed by the encounter of diﬀerent water bodies.
Generally, two distinct water masses are known in the German Bight. The Continental
Coast water mass is characterised by low salinity and low transparency whereas the
Central North Sea water mass can be identiﬁed by high salinity, high transparency and
a stratiﬁcation in summer (Becker et al. 1983). Throughout the year, a haline stratiﬁca-
tion occurs in the area of the Elbe river plume, where fresh water forms a layer on the
speciﬁcally heavier, highly saline North Sea water. On a horizontal scale, three diﬀerent
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Figure 1.1: Location of the German Bight in the North Sea.
types of fronts can be identiﬁed in the German Bight (Krause et al. 1986): Firstly, a tidal
mixing front forms the boundary between stratiﬁed and tidally mixed water along the
southern part of the area during summer. Secondly, certain wind conditions can lead to
an ephemeral upwelling of North Sea bottom water in the post-glacial Elbe valley that
forms a distinct frontal boundary to the surrounding medium. Krause et al. (1986) who
studied upwellings in the post-glacial Elbe valley found highest concentration of plank-
tonic organisms at such fronts. Thirdly, in the eastern part of the area, strong salinity
gradients and fronts are formed by the encounter of the Elbe river plume and adjacent
North Sea waters. Fronts in the Elbe estuary are known to act as a barrier between
diﬀerent plankton communities (Gerdes 1985, Krause et al. 1986, Hesse et al. 1989a)
and as a region of biomass accumulation (Hesse et al. 1989a,b). The concentration of
prey attracts predators like ﬁsh larvae and ﬁshes (Valenzuela et al. 1991) and thereby
also larger predators such as planktivorous or piscivorous seabirds. These predictable
prey aggregations are believed to be the cause for the strong correlation of Red- and
Black-throated Divers with the estuarine frontal system of the Elbe river plume (Skov
and Prins 2001).
Weather conditions and tides have a particular strong inﬂuence on the hydrography of
the German Bight due to the low water depth, leading to high variability in time and
space (Becker and Prahm-Rodewald 1980, Dippner 1993).
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Seabird community
In the German Bight, few of the regularly occurring seabird species can be termed `true'
seabirds. Especially during the summer months, the avifauna of the German Bight is
dominated by gulls and terns. Solely Northern Gannet Sula bassana, Northern Fulmar
Fulmarus glacialis, Black-legged Kittiwake and Common Guillemot Uria aalge repre-
sent true oﬀshore species in the study area (Garthe et al. 1995). Within the study area,
these species occupy a single breeding colony on the rocky island of Helgoland (54◦11'N,
7◦53'E). Due to distances of several hundred kilometres to other breeding sites, these
species presumably face comparatively low intraspeciﬁc and interspeciﬁc competition
and virtually no overlap of foraging ranges and areas with that of other seabird colonies.
The majority of seabird species in the south-eastern North Sea consists of surface feed-
ers such as gulls (Laridae) and terns (Sternidae), pursuit divers as auks (Alcidae) and
divers (Gavia spp.) or plunge divers like the Northern Gannet. Most seabird species
of the German Bight are piscivorous (Camphuysen 1996) or omnivorous. Exceptions
comprise the benthivorous diving ducks which feed predominantly on bivalves. Overall,
diet composition of seabirds comprises mainly ﬁsh, crustaceans, polychaetes, molluscs
and anthropogenic food sources such as ﬁsheries discards.
Figure 1.2: The Black-legged Kittiwake Rissa tridactyla. Photo: N. Guse.
1.3.2 The Black-legged Kittiwake
This thesis aimed at assessing relevant aspects of habitat choice and of temporal vari-
ability in distribution patterns for all common seabird species of the German Bight.
However, one species, the Black-legged Kittiwake (Fig. 1.2), qualiﬁed for the analysis of
all these objectives and thus will be treated in more detail.
The Black-legged Kittiwake (hereafter `Kittiwake') is the only common gull species which
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is characterised by a truly pelagic mode of life. It is a small gull with a body size compa-
rable to the Black-headed Gull Larus ridibundus and the Common Gull L. canus. The
Kittiwake is a cliﬀ-nesting species breeding circumpolar on islands and along coasts of
the arctic to temperate zone of the northern hemisphere (Lloyd et al. 1991). In the Ger-
man Bight, it breeds in a single colony of approximately 7,500 apparently occupied nests
(AON) on Helgoland. This breeding site was re-colonised in 1938 after an absence of 100-
150 years which was most probably due to an intensive human persecution (Drost 1938,
Fleet 1984). Breeding numbers were regularly monitored since 1952 (Hüppop 1997). A
detailed description of the population trend is given in chapter 3.2.1 on page 29. The
re-colonisation of the breeding colony at Helgoland coincides with a general expansion
of the distribution area to the South and the establishment of colonies e.g. in southern
Sweden, Denmark, France, Spain and Portugal (Lloyd et al. 1991, BWPi 2004). Im-
portant breeding sites are located along the coasts of Scandinavia and the British Isles.
These colonies however suﬀered substantial declines in breeding numbers over the last
years, connected to a low breeding success apparently caused by low food availability
(Frederiksen et al. 2004, see chapter 3.1, page 28).
Kittiwakes are mainly piscivorous, feeding to a substantially higher amount on ﬁsh than
all other gull species of the German Bight (Prüter 1986). The Kittiwake is a surface-
feeder and thus restricted to prey concentrations at the sea surface. Consequently, it
is dependent on mechanisms aggregating prey at the surface, e.g. tidally induced cur-
rents (Irons 1998), or predators that drive prey up to the surface such as diving seabirds
(Harrison et al. 1994, Camphuysen and Webb 1999). A strong association with certain
hydrographic structures aggregating biomass at the sea surface can therefore be pre-
dicted for Kittiwakes.
Next to its dependence on prey aggregations at the sea surface, several other charac-
teristics of this species contributed to its important role in this thesis. Kittiwakes are
numerous in the German Bight throughout the year (Garthe et al. 2007). They are truly
pelagic and feed exclusively at sea. In contrast, all other gull species of the German
Bight forage at least partly in terrestrial habitats or on the mud ﬂats of the Wadden Sea
region. Kittiwakes are highly visible and observations concerning the foraging behaviour
of this species can easily be made from ships due to its surface-feeding behaviour. On
the other hand, little information can be gained on the foraging behaviour of diving
species such as Common Guillemots during ship-based studies. Unlike Northern Gan-
nets which travel up to several hundred kilometres within a single foraging trip (Hamer
et al. 2001), Kittiwakes exhibit maximum foraging ranges of 80 km (Camphuysen 2005)
during the breeding season and thus do not leave the study area within single foraging
trips. The distribution pattern of Kittiwakes varies seasonally with a rather uniform dis-
tribution in winter and concentrations in the vicinity of the breeding colony and along
the post-glacial river Elbe valley in summer (Fig. 1.3).
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Figure 1.3: Seasonal variation in distribution patterns of Black-legged Kittiwakes in the German
Bight as recorded during ship-based studies (1990-2006, German Seabirds at Sea database
v5.07).
1.3.3 Methodology for studying seabirds at sea
An assessment of the inﬂuence of hydrographic structures on seabird distribution and
an analysis of habitat choice of seabirds in general is constrained by the dynamics and
the relative inaccessibility of their marine habitats. The majority of data on the biology
of seabirds was collected in breeding colonies and thus in the short period the birds are
bound to stay on land. However, most seabirds spend the majority of their life at sea
(Ainley 1980) where they often cover distances of hundreds to thousands of kilometres
in search for food (e.g. Weimerskirch et al. 1993). Thus, most seabirds are highly mobile
while seabird researchers focusing on the at-sea aspects of the biology of seabirds are
bound to use observation platforms like ships and aircrafts which cover limited parts of
the sea area. Moreover, an application of both ships and airplanes is strongly constrained
by weather conditions that inﬂuence both observation conditions and secure man÷uvra-
bility of platforms. An alternative way to study habitat choice of seabirds at sea is by
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using the birds themselves as sampling platforms. The development of telemetry and
remote-sensing logger technology has enabled detailed studies of individual foraging be-
haviour, especially with respect to diving birds (e.g. Benvenuti et al. 2001, Garthe et al.
2003a, Ropert-Coudert et al. 2004). Fine scale analyses of seabird habitat use were
recently made possible by the incorporation of Global Positioning Systems (GPS; Pe-
tersen et al. 2006, Weimerskirch 2007). Various sensor types moreover enable sampling
of physiology and behaviour of birds and of environmental parameters, thus providing
information on the oceanic habitat of the species studied (reviewed in Ropert-Coudert
and Wilson 2005).
However, logger methodology is less suited for the topic of this thesis due to various
reasons. Birds have to be captured for the attachment of devices and in addition mostly
need to be recaptured to retrieve devices and download data. Consequently, most stud-
ies focus on chick-rearing birds which regularly return to the same site on land. So far,
only few studies took place during the non-breeding season or concerned non-breeding
birds (but see Croxall et al. 2005, Daunt et al. 2006). Moreover, handled birds carrying
extra weight might not behave `normally'. Thus, logger studies are at risk to produce
unrepresentative or biased results (e.g. Ropert-Coudert and Wilson 2004). Furthermore,
data storage and energy supply has to be traded oﬀ against weight and size of devices.
Thus, in particular long-term studies are restricted to larger species such as albatrosses,
gannets and cormorants (e.g. Croxall et al. 2005, Daunt et al. 2006). Moreover, sample
sizes are generally low.
In contrast, ship-based or aerial seabirds at sea-studies may comprise observations of
a substantial part of the local population of all common seabird species, thus enabling
also comparisons between species and inter-speciﬁc associations. Moreover, survey eﬀorts
may be equally applied to all diﬀerent seasons although weather conditions admittedly
impose higher restrictions during winter. Furthermore, survey data comprise presence as
well as absence data of certain species while logger data produce presence data of single
individuals only. Finally, seabirds at sea counts are highly suitable for the evaluation of
speciﬁc areas and thus qualify over logger studies with respect to this study objective as
logger birds can not be `programmed' to use a speciﬁc region. Thus, the inﬂuence of spe-
ciﬁc hydrographic structures on seabird distribution can be studied well by conducting
ship-based surveys covering the diﬀerent hydrographic features. In conclusion, surveys
conducted from observation platforms were regarded highly suitable for the study aims
of this thesis, in particular as the German Bight is not too large for being covered by
ship-based and aerial surveys.
Ship-based surveys
Seabird surveys followed the internationally standardised `Seabirds at Sea' method as
described by Tasker et al. (1984), Webb and Durinck (1992) and Garthe et al. (2002).
The occurrence of birds was recorded within a 300 m wide transect running parallel to
the keel line of the observation platform. Swimming birds were counted continuously
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whereas ﬂying individuals were recorded using the `snapshot' method (Tasker et al. 1984)
to correct for overestimation of particularly mobile species.
Densities of all species were obtained by correcting for undetected birds away from the
centreline through use of the distance-sampling methodology developed by Buckland
et al. (1993) and by applying functions available in the DISTANCE software package
(Laake et al. 1993). This method implied the multiplication of numbers of swimming
birds within the observation transect by species-speciﬁc correction factors adopted from
Garthe et al (2007).
Ship-based studies are highly suitable to study habitat aﬃnities of seabirds as envi-
ronmental parameters such as hydrography can be sampled simultaneously along with
seabird counts. While the inﬂuence of meso scale hydrographic structures can be assessed
by use of satellite imagery (Brown 1988), the coupling of seabird distribution patterns
with small scale short-lived structures can only be achieved by simultaneous in situ
measurements. Furthermore, ship-based studies allow the assessment of detailed data
on seabird behaviour (Camphuysen and Garthe 2004) which enable the identiﬁcation
of habitats representing a speciﬁc function, e.g. foraging areas and migration corridors
(Schwemmer and Garthe 2006).
The German `Seabirds at Sea' programme started in July 1990 carrying out ship-based
studies in the German Bight (Garthe and Hüppop 1996, 2000) which were later comple-
mented by studies in the German Baltic Sea (Garthe et al. 2002). Data are stored in
the German Seabirds at Sea database coordinated by S. Garthe, FTZ Büsum. Analyses
of this thesis based on data extracted from this database, e.g. dedicated cruises (see
chapters 2 and 5, page 13 and 71, respectively) and data comprising surveys from 1990
to 2006 (e.g. chapter 4, page 49). The latter were also used to analyse long-term trends
in seabird activity (chapter 6, page 89). Further data were assessed during dedicated
cruises in the course of this thesis (e.g. chapter 4, page 49) which were incorporated in
the German Seabirds at Sea database.
Aerial surveys
Aerial surveys followed standardised methods described by Kahlert et al. (2000) and
Diederichs et al. (2002). Surveys were performed from a high winged twin-engine Parte-
navia P-68 provided with bubble windows at a ﬂight altitude of 78 m (250 feet) and
a cruising speed of circa 185 km/h (100 knots). The occurrence of birds was recorded
within 397 m wide transects running parallel to the ﬂight route of the observation plat-
form. Under good observation conditions, both sides of the ﬂight route could be covered
by two trained observers, resulting in a survey transect of 794 m. All birds were recorded
to the second giving details on species, number, and activity.
Aerial surveys enable the sampling of large areas within relatively short time periods and
thus may depict a `snapshot' of distribution patterns. The German part of the North
Sea thus can be covered within 4-5 single survey days. As ships move at a speed approx-
imately 10 times below that of survey planes, sampling time of the same area would be
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substantially longer. Thus, the sampling speed of ships is of the same order as the rele-
vant time scale of variation in seabird distributions. Consequently, temporal variation of
large scale seabird distribution patterns at the order of single days can not be assessed in
the course of ship-based surveys. However, aerial surveys are more restricted by weather
conditions as good observation conditions in the oﬀshore regions are only reached during
wind speeds < 10 knots (≤ 3 Bft) and sea state < 3. Whitecaps occurring at sea state 3
and above constrain the detectability especially of swimming birds substantially. Thus,
even Northern Gannets which are generally very conspicuous due to their large size
and predominantly white plumage may be missed during sea state 4 (pers. observation).
Moreover, identiﬁcation of species is diﬃcult due to the high speed of the observation
platform which does not allow the use of binoculars. Thus, observations are made with
the naked eye and identiﬁcation has to be achieved within the few seconds a bird is
within the ﬁeld of vision. Thus, similar species can be distinguished with a lower proba-
bility when compared to ship-based studies. Moreover, identiﬁcation to species level is in
particular constrained in case of large ﬂocks, e.g. gulls, Gannets and Fulmars scavenging
at ﬁshing vessels or large aggregation of sea ducks (Garthe et al. 2004). Additionally,
observations on age according to plumage diﬀerences and on behaviour of birds can only
be made exceptionally. A comprehensive comparison of advantages and disadvantages
and suitable applications of both methods, ship-based and aerial surveys, is given by
Garthe et al. (2004).
In German waters, aerial surveys started in 2002. Data are stored in the German Seabirds
at Sea database (see above). Within this thesis, aerial surveys were applied to assess
small scale temporal variability of distribution patterns (chapter 4, page 49). Moreover,
data from aerial surveys were chosen to analyse diﬀerences in seabird activity between
diﬀerent seasons due to the higher homogeneity of this dataset in comparison to the
dataset of ship-based surveys (chapter 6, page 89).
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Abstract
Most studies that found an inﬂuence of hydrographic fronts on seabird distributions re-
ferred to rather stable structures such as shelf break fronts and tidal mixing fronts. In
contrast, an inﬂuence of ephemeral and dynamic frontal structures was seldom revealed.
In the German Bight, we observed frontal areas associated with a river plume and an
ephemeral upwelling event during dedicated summer cruises assessing the distribution
of seabirds at sea. We tested whether the observed dynamic frontal structures had a
signiﬁcant inﬂuence on the distribution of seabirds in the German Bight. As hypoth-
esised due to their ephemeral nature, frontal structures had a lower eﬀect on seabird
distribution patterns than water masses and a land-sea gradient. However, the distri-
bution of primarily Black-legged Kittiwakes was strongly inﬂuenced by fronts. Fronts
generally seem to play a major role for Kittiwakes in the German Bight as mean distri-
bution patterns in summer exhibit strong concentrations in an area of frequent frontal
activity. A strong link between seabird distribution and ephemeral or dynamic habitat
structures is expected to cause high variation of seabird distribution patterns. In ac-
cordance, aerial surveys revealed distinct variation in at-sea distribution at the order of
single days during the breeding season of 2006. Variation of seabird distribution in time
and space complicates conservation eﬀorts such as the identiﬁcation and management of
Important Birds Areas.
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2.1 Introduction
Frontal structures may strongly inﬂuence food availability for seabirds because of high
physical, chemical and biological activity in these zones. A concentration of biomass
at frontal zones is due to passive aggregation of various organisms ranging from phyto-
and zooplankton to ﬁshes (Schneider et al. 1987, Franks 1992, Decker and Hunt 1996)
as well as to an elevated productivity (Pingree et al. 1978, Floodgate et al. 1981, Munk
et al. 1995). High densities of prey again enable seabirds and other predators to forage
cost-eﬃciently (Brodie et al. 1978, Hunt 1997). Thus, a variety of studies throughout
the world has detected a signiﬁcant inﬂuence of fronts on the distribution of seabirds (for
reviews see e.g. Brown 1980, Hunt and Schneider 1987, Haney and Solow 1992, Shealer
2002). In accordance with the ﬁnding that an inﬂuence of habitat characteristics is
mostly found at larger scales (Briggs et al. 1987, Ainley et al. 2005), seabird distribution
patterns were mostly related to larger frontal structures such as shelf break fronts and
tidal mixing fronts that last at least several weeks or months. In contrast, an inﬂuence
of ephemeral hydrographic structures was worldwide seldom revealed due to their small
longevity (but see e.g. Vermeer et al. 1987). Moreover, a signiﬁcant inﬂuence of highly
dynamic frontal structures like estuarine or river plume fronts that vary with wind and
current conditions in location and strength is rarely detected. Thus, several anecdotal
descriptions refer to an association of seabirds with river plume fronts (Uspenski 1956,
Briggs et al. 1987, Camphuysen 2001, Morgan et al. 2005). However, to our knowledge,
the correlation of the distribution of wintering Black-throated and Red-throated Divers
(Gavia arctica and G. stellata) with river plume fronts in the German Bight (Skov and
Prins 2001) is so far the only study that revealed a signiﬁcant inﬂuence of river plume
fronts on the distribution of seabirds.
During dedicated summer cruises assessing the distribution of seabirds at sea in the
German Bight, we detected frontal areas bordering a river plume and an ephemeral up-
welling event. In the following analyses, we tested whether the observed dynamic frontal
structures had a signiﬁcant inﬂuence on the distribution of seabirds in the German Bight.
Following the positive relation between space and time scales that was ﬁrst described
for oceanographic structures by Stommel (1963), smaller spatial patterns exhibit also
smaller temporal patterns. In concordance, the hydrographic structures in our study
were of short longevity, lasting only a few hours or days (according to local wind con-
ditions and based on Krause et al. 1986) in the case of upwelling fronts. Due to their
ephemeral nature, we expected fronts to have a lower inﬂuence on seabird distribution
compared to larger and longer-lasting habitat characteristics like water masses. Never-
theless, in the case of an existing strong link between seabird occurrence and habitat
structures, spatio-temporal shifts of habitat characteristics should be reﬂected in seabird
distribution patterns. Thus, we hypothesize that a correlation of seabird distribution
to ephemeral or dynamic structures implies a high variation of seabird distribution pat-
terns.
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2.2 Material and Methods
Data collection
To compare seabird distribution to hydrographic features, we carried out ship-based
seabird counts (see chapter 1.3.3, page 8) simultaneously along with hydrographic mea-
surements. For the present study, we analysed data collected during two summer
cruises of the RV `Heincke'(formerly Biologische Anstalt Helgoland, now Alfred-Wegener-
Institut Bremerhaven): cruise `He 061', surveying 643 km from 18  22 July 1994 and
`He 122', covering a survey transect of 1780 km during 27 July  06 August 1999. In the
following, the two cruises will be referred to as the 1994 and 1999 cruise, respectively.
Measurements of sea surface salinity and temperature were recorded simultaneously
along with bird counts once per minute by a thermosalinograph at a depth of 4 m.
Additionally, a total number of 115 and 192 hydrographic stations, respectively, was car-
ried out during the 1994 and 1999 cruises. The distance between hydrographic stations
averaged between 8 and 12 km. At these stations, water depth was recorded and vertical
proﬁles of temperature and salinity were obtained from the sea surface to the sea bottom
using CTD-casts. Additionally, water transparency was measured by use of a Secchi disk
(Pickard and Emery 1990, Aarup 2002).
Data analysis
To obtain useful indicators for hydrographic structures such as stratiﬁcation and frontal
activities, we derived further hydrographic parameters in addition to the direct mea-
surements. Horizontal temperature and salinity gradients were deﬁned as the diﬀerence
between the start and the end point of each counting interval. The average diﬀerence
between consecutive sea surface hydrography measurements per minute served as an
indicator for temperature and salinity fronts, respectively. To assess thermohaline strat-
iﬁcation, we calculated diﬀerences in salinity and temperature between sea surface and
seabed.
We carried out Principal Component Analyses to derive major habitat variables. Hydro-
graphic parameters that did not meet the assumption of a normal distribution (checked
by visual inspection) were transformed to reach normal distribution. The results of
corresponding standard measures and tests justiﬁed the application of Principal Com-
ponent Analyses for both cruises (1994 cruise: Kaiser-Meyer-Olkin measure of sampling
adequacy: 0.684, Bartlett's test of sphericity: χ2=855, df=36, p<0.001; 1999 cruise:
Kaiser-Meyer-Olkin measure of sampling adequacy: 0.714, Bartlett's test of sphericity:
χ
2=1041, df=36, p<0.001; McGregor 1992).
Only principal components with eigenvalues >1.0 were considered in subsequent analy-
ses. Axes were rotated orthogonally using the VARIMAX option (Backhaus et al. 1996)
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to facilitate interpretation and to allow for independent results of the subsequent compu-
tations of correlations between the derived principal components and the abundance of
seabirds. An otherwise existing dependency between principal components would com-
plicate the interpretation of correlation coeﬃcients between each of these factors and
seabird occurrence.
Three principal components with an eigenvalue >1.0 explained 81.5% and 76.2%, re-
spectively, of parameter variance for the summer cruises of 1994 (Table 2.1a) and 1999
(Table 2.1b). Areas of frontal activity resulting from diﬀerent mechanisms represented
important hydrographic structures during both cruises. Regarding the 1994 cruise, the
ﬁrst principal component combines high positive loadings of all indicators for tempera-
ture and salinity gradients and fronts with high negative loading of water transparency
according to Secchi disk measurements (Table 2.1a). Low loadings of sea surface salin-
ity and water depth indicate that this component is not inﬂuenced by distance to land.
The mapping of water transparency values (see Fig. 2.1a,b) and sea surface temperature
(Fig. 2.1c) during the 1994 cruise reveals two larger cells in the central German Bight
that were characterised by low sea surface temperature and low transparency. Being
oriented along the post-glacial Elbe valley, these structures presumably resulted from
wind-driven upwelling of colder bottom water. During the respective days, moderate
to strong easterly winds prevailed which are known to cause upwelling events in the
described region (Krause et al. 1986). In conclusion, the ﬁrst component of the 1994
cruise most likely represents the described upwelling region with its adjacent fronts, but
could also be an indicator for the Elbe river plume. The latter is well described by
the second principal component derived in the analysis of the 1999 cruise, combining
temperature and salinity fronts with haline stratiﬁcation. No interpretation could be
derived for component 3 of the 1999 cruise which combines high positive loading of hori-
zontal salinity gradients with a high negative loading of horizontal temperature gradients
(Table 2.1b).
Furthermore, all Principal Component Analyses stressed the existence of diﬀerent water
masses in the German Bight. The Continental Coast water mass that prevails nearshore
in shallow depths is characterised by low values of salinity and transparency. In contrast,
the Central North Sea water mass which dominates towards the deeper north-western
part of the German Bight shows high salinity, high transparency and additionally thermal
stratiﬁcation during the summer months (Becker et al. 1983). Thus, the second principal
component of the 1994 cruise and the ﬁrst component of the 1999 cruise act as indicators
for distance to coast as well as for the two diﬀerent water masses. Positive values of these
components indicate greater distance from land and presence of the stratiﬁed Central
North Sea water mass whereas negative values stand for vicinity of the coast and presence
of the Continental Coast water mass. While thermal stratiﬁcation (high values of vertical
temperature gradient) is incorporated in the water mass gradient (PC 1) in the 1999
cruise (Table 2.1b), it acts as a separate component, cleared for eﬀects of water mass
and distance from land, in the results of the 1994 cruise (PC 3 in Table 2.1a).
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Table 2.1: Results of Principal Component Analyses for the cruises in 1994 (a) and 1999 (b). The loadings of the nine hydrographic
parameters used for analysis on the ﬁrst three principal components, derived from the correlation matrix and subsequent rotation,
are shown. Rotation method: Varimax with Kaiser normalisation (Backhaus et al. 1996). Eigenvalues and percentages of variation
are given for the three principal components. Bold faced values of loadings were used for interpreting and characterising the
components; italicised values were considered additionally. SSS = sea surface salinity in psu; Depth = water depth in m; Secchi
= water transparency in m according to Secchi disk measurements; vert. T-gradient = vertical temperature gradient in K; vert. S-
gradient = vertical salinity gradient in psu; horiz. T-gradient = horizontal temperature gradient in K; horiz. S-gradient = horizontal
salinity gradient in psu; T-fronts = indicator of temperature fronts; S-fronts = indicator of salinity fronts. Parameters marked with
an asterisk were transformed to reach a normal distribution. See Methods for details of parameter calculation.
(a) PC 1 PC 2 PC 3
Eigenvalue 3.98 2.19 1.17
% of Variance 44.2 24.3 13
∑
81.5%
SSS -0.23 0.93 -0.18
Depth -0.02 0.93 0.28
Secchi -0.62 0.60 -0.21
vert. T-gradient -0.05 0.56 0.79
vert. S-gradient* 0.24 -0.18 0.91
horiz. T-gradient* 0.85 0.00 -0.13
horiz. S-gradient* 0.69 -0.02 0.08
T-fronts* 0.82 -0.21 0.17
S-fronts* 0.83 -0.26 0.25
(b) PC 1 PC 2 PC 3
Eigenvalue 3.62 1.78 1.46
% of Variance 40.3 19.7 16.2
∑
76.2%
SSS 0.91 -0.23 -0.04
Depth 0.96 -0.03 -0.01
Secchi 0.90 -0.15 0.03
vert. T-gradient* 0.87 0.15 0.13
vert. S-gradient* 0.23 0.63 -0.09
horiz. T-gradient -0.09 -0.04 -0.88
horiz. S-gradient -0.01 0.00 0.89
T-fronts* -0.17 0.73 0.23
S-fronts* -0.3 0.83 -0.04
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For the correlation of seabird occurrence with habitat characteristics, the sampled tran-
sect area was divided into separate counting intervals corresponding to the single hy-
drographic stations. Each counting interval consisted of one transect segment prefacing
the corresponding hydrographic station and one segment following it. In the case of
short sampling distances between single hydrographic stations, the extension of each seg-
ment corresponded to half of the distance between the hydrographic stations. Otherwise,
segments were conﬁned to a maximum of 16 min sampling time following or prefacing
the hydrographic station to achieve that counting intervals were representative of the
seabird occurrence at the hydrographic station. Segments were excluded if they were
temporarily not attached to the hydrographic station. Thus, bird density was calculated
for counting intervals covering an area from 1.6 to 6.6 km2 (average: 4.7 km2) around
(i.e. prefacing and following) the corresponding hydrographic station.
Samples of seabird abundance exhibited two major characteristics: they comprised many
zero density values violating the assumption of normality, and, furthermore, data points
were characterised by strong autocorrelation. However, autocorrelation could not be
quantiﬁed accurately due to the large number of zero values that complicated interpret-
ing the results of autocorrelation analyses.
To account for non-independent data and distributions containing many zero values, we
used a permutation procedure. To keep the major characteristics constant, the original
data set was split up into alternating blocks of cases (= counting intervals) comprising
consecutive zero values and blocks of cases with a consecutive occurrence of birds. During
permutation the position of each single block was randomised while the alternating
occurrence of `zero value' - blocks and blocks containing seabird density values higher
than 0 was kept constant. The sequence of cases containing seabird density values was
not altered within each block. Following this method, all data sets (i.e. the original
data set and all of the permuted data sets) contained the same number of blocks, the
same seabird density values and within blocks of seabird occurrence the same sequence
of density values.
Data were treated separately for the two cruises to allow for the detection of single hy-
drographic events possibly occurring in only one of the two cruises. Correlation between
each data set (i.e. the original data set and all of the permuted data sets) and each
principal component derived from the PCA of the hydrographic parameters was thus
tested separately for the two cruises using Spearman's Rank Correlation analyses. The
proportion of absolute correlation coeﬃcients greater than or equal to the absolute cor-
relation coeﬃcient of the original data then corresponded to the p-value. The number
of permutations was set to 1000 but was elevated to 10,000 (or 100,000 respectively) in
cases of p-values lying near 0.05 after the ﬁrst computations. To correct for multiple
testing we applied Fisher's Omnibus-Test separately for each principal component and
its associated analyses of correlation. This test combines a number of p-values into a
single χ2-distributed variable with its degrees of freedom equalling twice the number of
p-values (Haccou and Meelis 1994).
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A test using log-transformed seabird density values revealed no major diﬀerences in
results compared to results of analysing non-transformed density values. Due to identi-
ﬁcation diﬃculties during counts, Common Sterna hirundo and Arctic Terns S. arctica
were grouped as "Commic Terns" for the 1999 cruise.
2.3 Results
2.3.1 Inﬂuence of fronts on seabird distribution
Small scale hydrographic structures had a clear inﬂuence on the occurrence of two species
during the analysed cruises. The distribution of Black-legged Kittiwakes Rissa tridactyla
correlated signiﬁcantly positively with areas of strong frontal activities such as the Elbe
river plume and upwelling regions during both summer cruises. During the 1994 cruise,
the majority of Black-legged Kittiwakes was concentrated in the centre of the German
Bight in an area where water bodies of low transparency and low temperature met adja-
cent warmer waters of high transparency (Fig. 2.1a,c). Most Great Black-backed Gulls
Larus marinus were also observed in this region that was oriented along the post-glacial
Elbe valley (Fig. 2.1b). In concordance, both species showed a positive correlation with
areas of frontal activity (component 1 in Table 2.1a; see Table 2.2). Observations also
conﬁrmed an attraction of these fronts to Herring Gulls Larus argentatus and Lesser
Black-backed Gulls Larus fuscus. Likewise, the occurrence of Kittiwakes correlated pos-
itively with component 2 from the 1999 cruise which was also characterised by frontal
zones (Tables 2.1b & 2.3). Accordingly, mapping of temperature fronts during the 1999
cruise revealed that Black-legged Kittiwakes were distributed closely along these struc-
tures that occur along the Elbe river plume (Fig. 2.1d).
2.3.2 Inﬂuence of large scale habitat characteristics (water
masses) on seabird distribution
A higher number of species exhibited a signiﬁcant inﬂuence of large scale habitat char-
acteristics such as the occurrence of speciﬁc water masses on at-sea distribution. Thus,
several seabird species of the German Bight showed a signiﬁcant preference for one of
the two prevailing water masses. The nearshore dominating Continental Coast water
mass of low salinity and high turbidity was the preferred habitat of Common Gulls
Larus canus, Common and Sandwich Terns Sterna hirundo and S. sandvicensis. On
the other hand, Northern Fulmars Fulmarus glacialis, Northern Gannets Sula bassana
and Common Guillemots Uria aalge were signiﬁcantly associated with the high saline
Central North Sea water mass of high transparency, which becomes dominant in the
deeper north-western part of the study area (Tables 2.2 & 2.3).
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Table 2.2: Spearman's Rank Correlations between the distribution of all common seabird species and the three principal components
derived from Principal Component Analyses (see Table 2.1a) for the cruise in July 1994. To account for non-independent data
and distributions containing many zero values we used a permutation procedure to calculate adequate p-values for all correlation
coeﬃcients (see Methods for more details). nPerm = number of Permutations. Bold values show signiﬁcant correlations; trends
are indicated by italicised values. To correct for multiple testing we applied Fisher's Omnibus-Test separately for each principal
component. Commic Terns = Common Sterna hirundo and Arctic Terns S. paradisea.
Component 1 Component 2 Component 3
Elbe river plume Indicator of
/ Upwelling Central North Sea water mass Stratiﬁcation
and distance to land
rs p nPerm rs p nPerm rs p nPerm
Northern Fulmar -0.331 0.052 100000 0.495 0.004 1000 -0.074 0.88 1000
Black-headed Gull 0.023 0.833 1000 -0.114 0.224 1000 -0.072 0.443 1000
Common Gull 0.276 0.139 1000 -0.387 0.011 1000 -0.172 0.374 1000
Lesser Black-backed Gull 0.145 0.236 1000 0.021 0.885 1000 -0.071 0.577 1000
Herring Gull 0.081 0.514 1000 -0.266 0.074 10000 -0.173 0.246 1000
Great Black-backed Gull 0.26 0.037 1000 -0.09 0.589 1000 -0.195 0.153 1000
Black-legged Kittiwake 0.256 0.039 10000 0.132 0.424 1000 0.027 0.833 1000
Commic Terns 0.138 0.269 1000 -0.321 0.035 10000 -0.188 0.159 1000
Common Guillemot -0.055 0.633 1000 0.261 0.036 1000 -0.026 0.844 1000
Fisher's Omnibustest 0.03 0.0005 0.6
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Table 2.3: Spearman's Rank Correlations between the distribution of all common seabird species and the three principal components
derived from Principal Component Analyses (see Table 2.1b) for the cruise in July/August 1999. To account for non-independent
data and distributions containing many zero values we used a permutation procedure to calculate adequate p-values for all correlation
coeﬃcients (see Methods for more details). nPerm = number of Permutations. Bold values show signiﬁcant correlations. To correct
for multiple testing we applied Fisher's Omnibus-Test separately for each principal component.
Component 1 Component 2 Component 3
Indicator of Central Elbe river plume and Salinity fronts
North Sea water mass adjacent fronts in an area of
and distance to land stable temperatures
rs p nPerm rs p nPerm rs p nPerm
Northern Fulmar 0.551 0.001 1000 -0.184 0.104 1000 -0.003 0.981 1000
Northern Gannet 0.205 0.008 1000 -0.036 0.624 1000 -0.033 0.654 1000
Black-headed Gull -0.11 0.118 1000 -0.046 0.539 1000 0.083 0.241 1000
Common Gull -0.314 0.007 1000 -0.011 0.918 1000 -0.055 0.536 1000
Lesser Black-backed Gull 0.052 0.574 1000 -0.027 0.771 1000 -0.042 0.564 1000
Herring Gull -0.135 0.187 1000 -0.06 0.544 1000 -0.059 0.406 1000
Great Black-backed Gull 0.051 0.548 1000 0.011 0.893 1000 -0.039 0.587 1000
Black-legged Kittiwake -0.086 0.503 1000 0.296 0.006 1000 0.188 0.043 10000
Sandwich Tern -0.277 0.002 1000 -0.064 0.472 1000 -0.034 0.667 1000
Common Tern -0.24 0.005 1000 -0.03 0.727 1000 0.061 0.429 1000
Arctic Tern -0.059 0.477 1000 -0.001 0.996 1000 0.096 0.175 1000
Common Guillemot 0.423 0.001 1000 -0.093 0.383 1000 -0.014 0.847 1000
Fisher's Omnibustest <0.0001 0.51 0.60
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2.4 Discussion
2.4.1 General discussion
Frontal structures did not have an equally strong eﬀect on distribution patterns of the
diﬀerent seabird species as did the land-sea and water mass gradients. Nevertheless,
the occurrence of above all Black-legged Kittiwakes was strongly inﬂuenced by frontal
activity during the analysed summer cruises. These results seem to represent the gen-
eral pattern well, as the distribution of Kittiwakes in the German Bight coincides with
areas of high frontal activity during summer. Concentrations of Kittiwakes occur along
the post-glacial river Elbe valley that forms the most distinctive bathymetrical feature
in the rather shallow German Bight (Fig. 2.2). Currents interacting with the bottom
topography lead to a frequent occurrence of fronts in this area.
Kittiwakes and other gulls are highly mobile and thus are able to sample wide-ranging
sea areas in a relatively short amount of time. Consequently, they should experience
a higher probability of encountering ephemeral prey patches than species that are less
mobile. Moreover, Kittiwakes are breeding in the German Bight in a single colony on
the small oﬀshore island Helgoland. According to central place foraging theory, it can be
expected that breeding Kittiwakes gain information on the location of valuable foraging
grounds by observing individuals returning to the breeding colony. Furthermore, the
breeding colony on Helgoland is conveniently located in the vicinity of the post-glacial
river Elbe valley and other areas of high frontal activity. In comparison with other
breeding birds on Helgoland, Kittiwakes are dependent on prey aggregations at the sea
surface due to their surface-feeding foraging behaviour, and thus are more restricted in
choice of prey patches than diving species such as Common Guillemots or plunge-diving
species such as Northern Gannets. At a highly speculative level, it can be assumed that
in accordance with their pronounced pelagic lifestyle, Kittiwakes potentially possess
particular physiological abilities to detect ephemeral prey patches.
Most earlier studies that found an inﬂuence of frontal systems on seabird distributions
related to rather stable structures such as shelf break fronts and tidal mixing fronts that
last at least several weeks or months (for the North Sea see e.g. Leopold 1993, Skov and
Durinck 1998). Although a tidal mixing front does exist in the German Bight during
the summer months, there were no signs that it attracts seabirds to an important extent
(unpublished data). An inﬂuence of ephemeral hydrographic structures was worldwide
seldom revealed due to their short longevity (but see Vermeer et al. 1987). Our results
imply that this shortage was not caused by the low ability of birds to locate such short-
lived, temporally less predictable frontal systems as proposed by Hoefer (2000), but
rather by inappropriate or low sampling eﬀort of the human observers.
Though the estuarine front of the German Bight is a permanent feature existing through-
out the year (Krause et al. 1986), its location, spatial extent and strength vary depend-
ing on physical forcing of wind and tides, interacting with bottom topography (Dippner
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a) Black-legged Kittiwake. Transparency.
July 1994
b) Great Black-backed Gull. Transparency.
July 1994
c) Black-legged Kittiwake. Sea surface tem-
perature. July 1994
d) Black-legged Kittiwake. Temperature
fronts. Jul/Aug 1999
Figure 2.1: Inﬂuence of frontal structures on the distribution of Black-legged Kittiwakes and
Great Black-backed Gulls as shown by synoptic bird  hydrography maps. Seabird distribution
maps were created by calculating densities (sum of individuals / sum of surveyed area) for 3'
latitude x 6' longitude grids. Hydrography was mapped by interpolating measurements in Surfer
8.01 using a kriging method (Anonymous 2002, A. Schulz pers. comm.). Transparency (water
transparency according to Secchi disk measurements) is given in m, sea surface temperature
(SST) in ◦C and temperature fronts (average sea surface temperature diﬀerence between single
minute measurements) in K. See Methods for more details.
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1993). Thus, distribution patterns of seabird species like Black-legged Kittiwakes and
divers that concentrate along the described river plume fronts undergo spatiotemporal
variation, following variation of the frontal system. In accordance, consecutive aerial
surveys during the breeding season 2006 recorded short-term variation of at-sea distri-
bution of Black-legged Kittiwakes in the inner German Bight (Fig. 4.4, page 58).
On 12 July, a concentration area of Kittiwakes was observed to the north of Helgoland
along the 20 m depth contour (Fig. 4.4, top left). A survey on the following day recorded
no individuals in the same area (Fig. 4.4, top right). Thus, this spot apparently hosted
a short-lived occurrence of prey that was present only on the ﬁrst of the two survey days.
So far, no information has been gained on the respective hydrographic situations for the
two days. However, it is possible that currents interacting with the bottom topography
caused the presumable ephemeral prey patch in this situation, too.
Figure 2.2: Mean distribution pattern of Black-legged Kittiwakes during the breeding season
and late summer. Data were pooled from ship-based surveys conducted from May to August
(1990-2006; Source: German Seabirds at Sea database v5.07). Note the location of the post-
glacial river Elbe valley (indicated by the yellow box) that can be recognised by the higher
water depth.
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2.4.2 Implications for conservation
Seabird distribution in the German Bight is linked to habitat characteristics that were
shown to exhibit high temporal variation. A strong habitat-bird relationship therefore
contributes to temporal variation in seabird distribution patterns. This variation in time
and space complicates conservation eﬀorts such as the identiﬁcation and management of
Important Birds Areas. Unlike terrestrial ecosystems, the marine environment provides
highly dynamic habitats exhibiting moving boundaries and short-lived structures driven
by wind and currents. `Considering the temporal when managing the spatial' (Wilson
et al. 2004) should thus be a fundamental goal during the set up and management of
protected areas. During this process, it is essential to reveal the exact parameters and
processes that drive seabird distribution patterns. Future studies should apply appropri-
ate sampling and analysing methods to assess the importance of habitat characteristics
at all concerned scales.
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Abstract
In contrast to the situation in the northern North Sea, the breeding colony of Black-
legged Kittiwakes Rissa tridactyla at Helgoland in the south-eastern North Sea did not
exhibit severe declines since the 1990s but instead numbers increased and only lately
stagnated. Declines of Kittiwakes in the northern North Sea are attributed to a lower
abundance and lower quality of sandeel, their key prey. Consequently, we hypothesise
that Kittiwakes at Helgoland do not rely as heavily on sandeel as their conspeciﬁcs.
To assess possible reasons for this positive development, we analysed diet composition
of Kittiwake nestlings and adults of the years 2001, 2002, 2004 and 2006. According to
stomach contents, diet was dominated by ﬁsh prey. In concordance with earlier studies
of the 1980s and 1990s, young Whiting Merlangius merlangus was the most important
prey species in 2001, 2002 and 2004 regarding frequency of occurrence, numbers and
consumed biomass. Clupeids and sandeels were consumed in lower proportions. While
Whiting was believed to originate from ﬁsheries discard in earlier studies, evidence now
supports that it represents a natural food source and was preyed upon by Kittiwakes in
areas characterised by high incidence of hydrographic fronts. Contrastingly, no Whiting
was recovered in samples of 2006 and the proportion of ﬁsh prey was low. Main prey items
with respect to frequency of occurrence and numbers were polychaete worms (Nereidae),
which were presumably consumed as swarming Heteronereis stages. Samples of 2006
originated from a period of exceptionally high temperatures with water temperature
rising above 20◦C. High levels of direct solar radiation and high temperature presumably
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have caused observed high mortality of Kittiwake nestlings. Additionally, the strong rise
in water temperature presumably drove ﬁsh such as Whiting to deeper cooler layers
and thus out of reach of surface-feeding Kittiwakes. Temperature might have further
inﬂuenced food availability of Kittiwakes by inducing swarming of Nereidae. Overall,
Kittiwakes breeding on Helgoland showed a positive population trend for several decades
while mainly feeding on Whiting.
3.1 Introduction
In the North Sea, breeding numbers of Black-legged Kittiwakes Rissa tridactyla (here-
after `Kittiwakes') have declined by more than 50% since 1990 (Frederiksen et al. 2004,
Heubeck 2004). The reasons for this severe decline are still not explained in detail. In
most areas however, a distinct decrease of breeding success has been recorded (Wanless
et al. 2005, ICES-WGSE 2006), which was probably connected to low food availability
and low food quality (Frederiksen et al. 2004, Wanless et al. 2005, 2007). The Kitti-
wake's surface-feeding foraging technique restricts it to prey concentrations at the sea
surface and thus renders this species more vulnerable to food reductions than most other
seabird species (Monaghan 1996, Furness and Tasker 2000). The insuﬃcient food avail-
ability, which has also led to breeding failure and negative population trends of other
seabird species (Mavor et al. 2005), is assumed to result mainly from ecosystem changes
(Heubeck 2004). At the Isle of May, breeding success and population trend of Kittiwakes
was strongly inﬂuenced by the availability of sandeel (Frederiksen et al. 2004). Sandeel
availability is inﬂuenced by oceanographic parameters such as sea surface temperature
in winter and by ﬁshing activity. In the last decades, the oceanographic situation in the
North Sea has changed distinctly with respect to physical as well as biological aspects
(Beaugrand 2004). Thus, mean water temperature in winter has increased, leading to de-
pressed recruitment of sandeels (Arnott and Ruxton 2002). Moreover, a stronger inﬂow
of warm water from the Atlantic led to changes in phytoplankton communities which
resulted in deteriorated food availability for sandeel larvae (Arnott and Ruxton 2002,
Wanless et al. 2007).
In the south-eastern North Sea, Kittiwakes occupy a single colony of at present approx-
imately 7,500 breeding pairs on the small oﬀshore island Helgoland (54◦11'N, 7◦53'E).
Although oceanographic changes resulting in a warmer, more marine situation have been
recorded in the sea area around Helgoland as well (Wiltshire and Manly 2004), neither
elevated breeding failure nor a distinct decline of breeding numbers have been recorded
for this colony so far. In contrast to other colonies, the breeding numbers of Kittiwakes
at Helgoland did not decrease since 1990 but instead doubled. Thus, the situation of Kit-
tiwakes breeding in the south-eastern North Sea apparently is up to now favourable. As
diet is regarded to be one of the key factors inﬂuencing breeding performance and trends
in numbers, we assumed that the success of the Kittiwakes breeding at Helgoland could
be explained by analysing the diet of chicks and adults. In particular, we hypothesised
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Figure 3.1: Numbers of breeding Black-legged Kittiwakes at Helgoland from 1952 to 2007.
(Data: O. Hüppop / IfV unpubl. data)
that Kittiwakes at Helgoland might not be as dependent on sandeel as their conspeciﬁcs
in the northern North Sea and thus should be less vulnerable to reductions in this prey
species.
Samples consisted of birds found dead in the colony in the breeding season. Birds breed
in highly eroding sandstone cliﬀs making nests inaccessible to humans and handling of
birds to get diet samples only exceptionally possible. Killing of birds was not considered
appropriate due to ethical reasons and conservation aspects. Moreover, inaccessibility
of nests would have strongly hampered a collection of chicks by shooting. However, dur-
ing most years, a considerable number of chicks, which fell out of the nest, and some
dead adults could be found beneath the cliﬀs. Results of analyses of stomach contents
are discussed in comparison to earlier studies and with respect to current population
trends.
3.2 Material and Methods
3.2.1 Population trend of the breeding colony on Helgoland
After about 150 years of absence most likely due to strong human persecution, Kittiwakes
recolonised Helgoland in 1938. Continuous data on breeding numbers is available since
1952 (Fleet 1984, Hüppop 1997). Numbers showed a strong increase especially during
the 1970s, 1980s and 1990s and reached a maximum of 8,600 pairs in 2001. The last
years showed a stagnation and lately indicate a slight decline (Fig. 3.1).
29
3 Diet composition of Black-legged Kittiwakes at Helgoland
Table 3.1: Number of stomach samples from the breeding colony of Black-legged Kittiwakes at
Helgoland, which were analysed in the present study. Information on age of nestlings could be
derived for birds of 2004 and 2006. Age of nestlings ranged between 2 and 40 (median=22)
days in 2004 and between 1 and 32 (median=9) days in 2006 respectively.
2001 2002 2004 2006 Total
June July Aug June July June July June July
Chicks 5 21 3 0 20 11 22 4 19 105
Adults 2 1 0 0 1 5 5 0 0 14
3.2.2 Samples
In the breeding seasons 2001, 2002, 2004 and 2006, chicks and adult birds found dead
beneath the breeding cliﬀs were collected and stored frozen (Table 3.1). The majority of
chicks presumably died due to falling out of the nest. Most of these birds directly die from
fractures or internal injuries. However, nestlings which survive the fall die within the
next days as adults do not continue to brood, feed or guard these chicks (Vauk-Hentzelt
and Bachmann 1983). Falling is caused by accidents, e.g. resulting from antagonistic
behaviour or unfavourable weather conditions. In 2002, all chicks but one fell oﬀ the
cliﬀs in the course of a heavy storm in early July. In 2006, an exceptional number of
more than 100 chicks was found dead during a period of extremely high temperatures. A
sub-sample only of these birds was analysed in the present study. Due to low sampling
eﬀort, no chicks were collected in 2003 and only one chick was found in 2005, which was
not considered in the following analysis.
In 2001 and 2002, birds were dissected prior to storage and stomachs only were preserved
for later analyses. The same method was applied to two chicks and one adult bird found
dead in 2004. However, all other birds found in 2004 and 2006 were stored completely
and later dissected at the Research and Technology Centre (FTZ) following the methods
described by Van Franeker (1983, 2004). In the course of dissections, we collected data on
biometry, sex and health status. Chicks were aged according to length of lower arm and
central tail feathers (Maunder and Threlfall 1972) and grouped within the following age
classes: age class 1: 0-9 days, 2: 10-20 days, 3: 21-30 days and 4: >30 days. To derive an
index of chick condition, we calculated a `body mass index' by expressing observed body
mass as proportion of body mass of presumably well-nourished chicks of the same age
based on data of Kittiwakes from Newfoundland and Norway (Maunder and Threlfall
1972, Barrett and Runde 1980). We tested inﬂuence of chick age and freshness of sample
on the body mass index applying a Generalized Linear Model (GLM, McCullagh and
Nelder 1989) using the Gamma function in R 2.5.0 (http://www.r-project.org/).
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3.2.3 Analysis of stomach contents
Stomach contents were analysed following Leopold et al. (2000) and Guse (2005). Prey
remains were identiﬁed to the lowest possible taxon (Ouwehand et al. 2004) by use of
undigested hard-parts e.g. of ﬁsh skeletons, jaws of Nereidae, claws of crustacea or chiti-
nous remains of insects. Fish species were identiﬁed according to otoliths (Härkönen
1986, Leopold et al. 2001), urohyals, premaxillae, vertebrae and otic bullae (Watt et al.
1997, Leopold et al. 2001). Additionally, an own reference collection was used for identi-
fying prey items. Fish remains that could not be identiﬁed to species or family level were
grouped as `ﬁsh indet.'. We derived minimum numbers of prey individuals consumed by
grouping remains. Thus, right and left hard-parts of the same species or family such as
otoliths, premaxillae and nereid jaws were paired based on size, shape and wear. Addi-
tional prey remains were only considered in case of proving higher numbers of respective
prey species or in case of representing new species / families / prey groups.
Identiﬁcation of prey remains and measurement of otoliths was performed using a stereo
microscope in combination with an attached digital camera (Olympus SZH 10 Research
Stereo and Olympus Camedia). Magniﬁcation ranged from 10.5 to 100 times and was
set to ﬁxed values during measurements. Otoliths were photographed and measured ap-
plying Olympus DP-Soft v3.2 software. Accuracy of measurements was 0.05 mm (Guse
2005). We corrected for wear due to digestion by categorizing otoliths within wear
classes and by multiplying size measurements of worn otoliths with correction factors to
estimate original sizes (Leopold et al. 1998, 2001, Ouwehand et al. 2004). Total length
of ﬁsh was calculated based on size of otoliths by applying regressions between otolith
length / width and total ﬁsh length obtained from Leopold et al. (2001). Subsequently,
the fresh mass of ﬁsh was calculated based on regressions between total length and mass
(Leopold et al. 2001). Regressions from Leopold et al. (2001) mainly based on ﬁsh data
of the North Sea and Wadden Sea and thus were well suitable for our study.
Both samples of adults and chicks comprised 71% of stomachs which contained items
classiﬁed as prey remains. About 10% of all stomach samples did not contain any objects,
neither prey remains nor other items, except for parasites in some cases. Several other
samples contained only objects like stones, fragments of mollusc shells or plastic, which
were not classiﬁed as dietary remains. Overall, of 105 stomachs of nestlings, 57 contained
stones (54%), 23 plant material, 8 contained fragments of mollusc shells, 6 feathers, 5
plastic fragments/pellets, 3 contained putative ﬁsh prey and 2 sand. In adult Kittiwakes,
stones, fragments of mollusc shells and one plastic pellet were each found in only one
stomach. Objects such as plant material, stones, sand and feathers were not considered
to represent prey items fed to nestlings. Objects such as plant material, stones, sand and
feathers were not considered to represent prey items fed to nestlings. Plant remains and
sediment are regularly picked up by nestlings in the nest or its vicinity (Prüter 1989).
The same could hold true for fragments of mollusc shells as Kittiwakes use a variety of
plant material and hard parts to build their nests (Maunder and Threlfall 1972). How-
ever, it remains unclear whether stones and other hard parts are picked up on purpose
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to enhance digestion or to cover mineral, e.g. calcium, demands. In contrast, plastic
pellets and fragments recovered in stomachs of seabirds presumably represent ﬂoating
litter particles which are mistaken for food by adults and thus get picked up and are fed
to nestlings (Van Franeker and Bell 1988). Nevertheless, plastic fragments/pellets were
not classiﬁed as dietary remains. Several stomachs were infested by parasites.
Inﬂuence of chick age on presence of parasites was tested by applying a GLM using the
Binomial function in R. Furthermore, we tested the inﬂuence of chick age and condition
on quality and quantity of stomach contents, i.e. presence of prey remains, number of
species recovered and number of prey individuals recovered using Generalized Linear
Mixed Models (GLMM, e.g. Faraway 2006) applying the library lme4 (Bates and Sarkar
2007) and the Binomial or quasi-Poisson function, respectively, with year as random
eﬀect in R. We tested for diﬀerences in ﬁsh length between adults and chicks and be-
tween diﬀerent age classes of chicks by applying GLMMs using the Gamma function in
case of skewed data or the Gaussian function with year and/or month as random eﬀects.
Furthermore, we tested for inﬂuence of month on ﬁsh length applying GLMMs with year,
age and age of chicks as random eﬀects.
3.3 Results
3.3.1 Body condition
Of 31 and 23 chicks recovered in 2004 and 2006, respectively, which were dissected at
the Research and Technology Centre (FTZ), 11 (36%) chicks of 2004 and 10 (44%) of
2006 exhibited fractures of wings, legs or other bones. Eight of the remaining chicks
showed injuries of internal organs that might have been caused by the drop from the
breeding cliﬀ. All chicks aged 10 days or older exhibited body mass values below those
of presumably well-nourished chicks collected in boreal climates (Maunder and Threlfall
1972, Barrett and Runde 1980). Body mass index was higher in 2006 (median=78%)
compared to 2004 (median=55%). This index was signiﬁcantly inﬂuenced by freshness
of samples (p=0.0007) and age of birds (p(age)=0.0002, p(age2)=0.002). The model
however was underdispersed (1) as age and freshness were not the most important
controlling factors of body mass. Body mass of all age classes decreased with increasing
signs of decay resulting in most decayed bodies weighing less than 60% of fresh bodies of
the same age class. Diﬀerences in mass compared to well-nourished chicks from boreal
climates were low for birds younger than 10 days, and increased with age.
Of the nine adult birds found dead in 2004, which were dissected at the FTZ, only one
male bird exhibited a brood patch. Three birds possessed healthy organs but low fat
deposits. The remaining six birds possessed good fat deposits and exhibited body masses
in the range of healthy birds (350-430 g). However, lungs of all six birds were severely
inﬂammated.
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Table 3.2: Stomach contents of nestlings and adult birds of Kittiwakes from the breeding colony
at Helgoland in the diﬀerent study years.
2001 2002 2004 2006 Total
Nestlings Total number of stomachs 29 20 33 23 105 100%
Parasites only 4 2 2 2 10 10%
With contents 25 18 31 21 95 90%
Containing prey items 16 13 26 19 74 71%
Containing ﬁsh remains 16 12 25 9 62 59%
Adults Total number of stomachs 3 1 10 0 14 100%
Parasites only 0 0 2 2 14%
With contents 3 1 8 12 86%
Containing prey items 3 1 6 10 71%
Containing ﬁsh remains 3 1 6 10 71%
3.3.2 Stomach contents
Overall, diet composition of Kittiwakes was dominated by ﬁsh prey. Fish did not only
account for the maximum number of individual prey items but was also the most fre-
quently consumed prey being found in most of the birds' stomachs. Exceptional in this
respect were the samples of 2006, which exhibited an occurrence of ﬁsh in less than half
of the stomachs (Table 3.2). Presence of prey remains, number of species per stomach
and number of individual prey items per stomach did not diﬀer between chicks and
adults (level of signiﬁcance: 0.05). Regarding chick samples, presence of prey remains,
number of species per stomach and number of individual prey items per stomach were
not inﬂuenced by chick age and condition.
The most frequent prey with respect to absolute numbers of prey individuals were poly-
chaete worms of the family Nereidae with a total of at least 259 individuals based on
recovered jaws. About 80% of these Nereidae (206 ind.) were found in 16 stomachs
of nestlings from 2006. Lower numbers were recorded for earlier years with 40 and 12
individuals (14%, i.e. 5%) from three chick samples of 2002 and 2004, respectively. No
Nereidae were recovered in 2001 samples and only one stomach of an adult bird contained
remains of one nereid worm. In the years 2001, 2002 and 2004, gadoids comprising above
all Whiting Merlangius merlangus represented the most frequent prey by far, both with
respect to frequency of occurrence and absolute numbers (Tables 3.3 and 3.4). Clupeids
(Clupeidae) and sandeels (Ammodytidae) followed next, both showing the same moder-
ate values of frequency in occurrence (Table 3.3). Yet, overall numbers of clupeids, which
comprised mainly Herring Clupea harengus and Sprat Sprattus sprattus, were higher than
total numbers of sandeels recovered (35 vs. 28 individuals, Table 3.4). Fish species of
other families as well as other prey species were only exceptionally recorded in single
stomachs.
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3.3.3 Prey length and biomass
Fish prey was on average rather small with a mean total ﬁsh length of 10.7 cm (me-
dian=9.5 cm) and a mean biomass of 11.5 g (median=5.7 g). Whiting, Lesser Sandeel
Ammodytes marinus and Great Sandeel Hyperoplus sp. reached maximum lengths of 20
to 23 cm. The maximum biomass values of 70 g were calculated for Whiting (Table 3.4).
Fish recovered in stomachs of adult birds tended to be a bit larger, however diﬀerences
were not signiﬁcant (Table 3.5). Sample size of sandeels and clupeids was too small for
testing inﬂuence of chick age on ﬁsh length. Fish length of gadoids increased with age of
chicks but this relation was not signiﬁcant. Moreover, length of gadoids was greater in
July compared to June. Gadoids and especially Whiting presented the most important
prey when considering total biomass of prey ﬁsh calculated for the diﬀerent years both
for chicks and adults (Fig. 3.2). The proportion of the single ﬁsh families in the diet var-
ied between years and months. Moreover, when comparing data of 2004, total biomass
consumed by nestlings was almost entirely based on gadoids while the importance of
these ﬁsh was slightly lower for adults.
Lengths of Nereidae were not calculated as jaws could not be identiﬁed to species level.
Moreover, it was assumed that Nereidae were caught as swarming Heteronereis stages
during their reproductive period. To our knowledge, no regression formulae are available
for the calculation of total length of swarming stages on the basis of length of jaws. In
addition, gulls preying on swarming Heteronereis stages mostly do not catch whole indi-
viduals but fragments only (N. Markones and N. Guse, pers. observation). Thus, total
length and biomass actually consumed could not be assessed.
3.3.4 Parasite prevalence
Parasite infestation was high with all adult birds and 58% of chicks being infested with
parasites, mostly nematodes. Parasite prevalence increased signiﬁcantly with age of
chicks (n=55, p=0.001) and varied between years. Thus, the proportion of infested
chicks in 2001, 2002 and 2004 amounted to 62%, 70% and 73%, and was contrastingly
low with 22% in 2006. However, the low value of parasite prevalence in 2006 resulted
from a lower mean age of chicks collected. Prevalence did not diﬀer between years when
compared for chicks of the same age class in 2004 and 2006.
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Figure 3.2: Monthly and yearly variation in importance of the main ﬁsh families in the diet of
Kittiwake nestlings and adults based on calculations of total biomass.
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Table 3.3: Frequency of occurrence of prey items in stomachs of Kittiwake nestlings and adults. N = number of stomachs containing
the respective prey item; Total N = Total number of stomachs with prey items; % = proportion of stomachs containing the respective
prey item of the total number of stomachs with prey items (see Table 3.2). The categories of Gadidae, Ammodytidae, Clupeidae
and Pleuronectiformes (only Bothidae and Pleuronectidae) combine results of all identiﬁed and unidentiﬁed (indet.) species of the
respective family as given below.
2001 2002 2004 2006 2001-2006
N chicks N adults N chicks N adults N chicks N adults N chicks N chicks %
(Total N (Total N (Total N (Total N (Total N (Total N (Total N (Total N
=16) =3) =13) =1) =26) =6) =19) =74)
Gadidae 12 2 7 1 21 5 0 40 54%
Whiting 8 1 5 1 14 5 0 27 37%
Merlangius merlangus
Poor cod 0 0 0 0 2 0 0 2 3%
Trisopterus minutus
Gadoid indet. 6 1 2 0 8 0 0 16 22%
Ammodytidae 1 3 6 0 3 1 6 16 22%
Lesser Sandeel 0 1 1 0 0 1 3 4 5%
Ammodytes marinus
Great Sandeel 0 0 1 0 0 0 0 1 1%
Hyperoplus sp.
Sandeel indet. 1 2 4 0 3 1 3 11 15%
Clupeidae 7 1 1 0 3 2 5 16 22%
Herring 1 1 0 0 2 2 1 4 5%
Clupea harengus
Sprat 2 0 0 0 1 1 2 5 7%
Sprattus sprattus
Anchovy 0 1 0 0 0 0 0 0 0%
Engraulis encrasicolus
Clupeid indet. 6 0 1 0 1 0 2 10 14%
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Table 3.3: (continued)
2001 2002 2004 2006 2001-2006
N chicks N adults N chicks N adults N chicks N adults N chicks N chicks %
(Total N (Total N (Total N (Total N (Total N (Total N (Total N (Total N
=16) =3) =13) =1) =26) =6) =19) =74)
Pleuronectiformes 0 0 0 0 0 1 0 0 0%
Dab 0 0 0 0 0 1 0 0 0%
Limanda limanda
Scaldﬁsh 0 0 0 0 0 1 0 0 0%
Arnoglossus laterna
Flatﬁsh indet. 0 0 0 0 0 1 0 0 0%
Goby indet. (Gobiidae) 0 1 0 0 0 0 0 0 0%
Wrasse indet. (Labridae) 0 0 0 0 1 0 0 1 1%
Fish indet. 3 1 1 0 4 2 0 8 11%
Polychaeta (Nereidae) 0 0 3 0 3 1 16 22 30%
Insecta (Coleoptera) 0 1 0 0 0 0 1 1 1%
Crustacea (Brachyura) 1 0 0 0 1 0 1 3 4%
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3.4 Discussion
3.4.1 Methodology
The fact that our samples consist of birds that had died due to accident or disease
leads to the question whether our results represent or at least correspond to natural diet
composition of healthy birds. All adult birds with known body condition were either
emaciated or suﬀered from an inﬂammation of lungs. Although diseased birds might
have altered their foraging behaviour due to infection, we assume that diet recovered in
adult birds corresponds to natural diet composition as these birds were not emaciated
but well-nourished.
The majority of chicks probably died because of accidents leading to falling or getting
pushed out of the nest. However, the question remains whether these chicks correspond
to a representative sample. Malnourished birds were observed to show elevated activity
and are thus called `runners' (D. Kildaw, pers. comm.). Consequently, chicks of low-
quality parents probably face a higher risk of falling from the nest, which either leads
them to adoption by possible higher-quality parents when falling in a neighbouring nest
or to death at the bottom of the cliﬀs. In correspondence, particularly chicks of 2004
weighed considerably less than well-nourished chicks from boreal climates. However,
chicks younger than 10 days exhibited body mass more or less equalling that of 'well-
nourished birds' (87% in 2004, 112% in 2006). Thus, growth curves of birds from boreal
climates in Norway and Newfoundland probably can not be extrapolated to older birds at
Helgoland. Growth curves of 10 nestlings from Helgoland raised by hand indeed indicate
diﬀerent growth and lower mean peak masses (363 g, Voss et al. 1987) compared to values
of successful colonies in Newfoundland (400 g, Maunder and Threlfall 1972) and Norway
(410 g, Barrett and Runde 1980). On the other hand, values of mean peak masses are
comparable to more southern colonies from Northern England (350  375 g, Coulson and
White 1958, Pearson 1968). Nevertheless, older nestlings falling from the nest appear to
be individuals of lower body condition as noted already by Köth (1985).
The key question in this context however is the following: Does diet composition of
malnourished chicks generally diﬀer from diet of well-nourished birds or are these chicks
fed with the same prey species of same length, however less often or by smaller food loads?
With respect to the present study, it could be argued that only chicks fed with less energy-
rich food died while chicks fed with food of higher energy density faced a lower risk of
death. Although Whiting is not as energy rich as clupeids (Herring e.g. 6.5 kJ/g, Garthe
et al. 1996), it is comparable to Lesser Sandeel with respect to nutrient composition
and energy density (4.41 kJ/g vs. 4.63 kJ/g, Hilton et al. 2000). Overall, we found no
indication that body condition of the analysed birds had an inﬂuence on presence, quality
and quantity of prey remains. Thus, we assume that diet composition of malnourished
birds does not diﬀer from diet composition of well-nourished birds. Consequently, we
regard our samples to be representative for the chicks of the breeding population.
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Table 3.4: Occurrence, length [cm] and biomass [g] of ﬁsh prey found in stomachs of Kittiwake nestlings and adults at Helgoland in
the diﬀerent study years. Fish length and biomass were calculated based on otoliths (see Methods) and thus could not be derived for
individuals, e.g. one Dab and one wrasse, identiﬁed according to objects other than otoliths. Mean no. = mean minimum number
of individual ﬁsh per stomach containing remains of the respective prey species; Max no. = maximum number of individuals per
stomach; N = total number of individuals recovered according to otoliths and other prey remains; No = total number of individual
ﬁsh used for calculations of ﬁsh length and biomass.
Mean Max N No Mean Range Mean Range
no. no. ﬁsh length ﬁsh length biomass biomass
chicks adults chicks adults chicks adults chicks adults
Whiting 3.3 1-17 113 86 9 11 6-21 5-21 10 17 1-70 1-68
Merlangius merlangus
Poor cod 1 1 2 2 14 - 13-15 - 31 - 25-38 -
Trisopterus minutus
Gadoid indet. 1.2 1-4 21 3 12 - 9-15 - 14 - 5-25 -
Lesser Sandeel 1.2 2 7 7 16 15 13-20 15-16 14 11 7-23 9-12
Ammodytes marinus
Great Sandeel 2 2 2 2 22 - 21-23 - 27 - 23-30 -
Hyperoplus sp.
Sandeel indet. 1.4 1-4 19 7 15 21 13-17 21-21 9 30 6-13 30-31
Herring 1.3 1-3 9 6 9 11 9-10 9-14 5 11 4-6 4-17
Clupea harengus
Sprat 2.2 1-3 13 12 11 11 6-13 11-12 10 11 7-18 9-13
Sprattus sprattus
Anchovy 1 1 1 1 - 15 - - - 18 - -
Engraulis encrasicolus
Clupeid indet. 1.2 1-2 12 5 8 - 6-9 - 4 - 1-5 -
Scaldﬁsh 4 4 4 4 - 9 - 7-11 - 8 - 3-13
Arnoglossus laterna
Goby 1 1 1 1 - 6 - - - 2 - -
Pomatoschistus sp.39
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Table 3.5: Factors inﬂuencing ﬁsh length according to GLMMs. Age = chick or adult; month
= June or July; age class = age of chicks (see Methods).
Data set Predictor Random N N p
variable eﬀect observations groups
Gadoids Month Age, year 91 3, 2 0.02
Clupeids Month Age, year 24 3, 2 n.s.
Sandeels Month Age, year 16 4, 2 n.s.
Gadoids of 2004 Age Month 48 2 n.s.
Gadoids of Month Age class 35 4 0.003
chicks 2004
Gadoids of Age class Month 35 2 n.s.
chicks 2004
However, stomach contents still might not depict a representative picture due to dif-
ferences in digestibility of species-speciﬁc prey remains. Otoliths of clupeids e.g. are
smaller and delicate compared to otoliths of similar-sized gadoids and thus are digested
within a shorter period of time while prey remains of gadoids persist for longer (see Brug-
ger 1992). Thus, it is likely that higher proportions of gadoids are recovered, leading
to an overestimation of their importance regarding diet composition. Correspondingly,
Prüter (1989) showed that the proportion of clupeids and sandeels in overall diet com-
position of Kittiwakes on Helgoland in 1983-85 was higher (and proportion of gadoids
lower) when samples were conﬁned to stomachs with completely ﬁlled proventriculus
exclusively. However, frequency of occurrence of sandeels was very high (>50%) in all
samples from 1983-85, while numbers of sandeels and clupeids were low in the present
study, and frequency of occurrence was always lower than values of gadoids. Prüter
(1989) underlined his ﬁndings by the fact that almost all otoliths of gadoids were heavily
worn and the majority of stomachs containing gadoid otoliths did not hold other remains
of gadoids such as vertebrae. In contrast, the majority of gadoid otoliths recovered in
the present study was in good shape (no or only slight wear) and otoliths were often
recovered along with vertebrae and other bones of gadoids. Furthermore, unlike otoliths
of clupeids, otoliths of sandeels can not be termed delicate and thus digestion time is
assumed to be comparable to otoliths of similar-sized gadoids. Finally, sandeel otoliths
recovered in the present study were only slightly smaller than gadoid otoliths (median
otolith length=2.8 vs. 3.7 mm, but median of clupeid otolith length=1.6 mm). In con-
clusion, we are conﬁdent that bias due to diﬀering digestibility did not constrain our
principal result of Whiting being the major prey in the study years 2001-2004.
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Table 3.6: Comparison of present results with previous studies: occurrence of ﬁsh remains, main prey species and length of consumed
Whiting in the diet of Kittiwakes at Helgoland according to food remains in stomach samples. Note that all results refer to nestlings
with the exception of the period 1990-92 that contains data of 11 adults additionally (Maul 1994). Stomachs containing ﬁsh remains
are given in % of stomachs with contents. Caluclations of ﬁsh length of Whiting consumed in 2001/02 and 2004 based on otoliths
of Whiting only equalled calculations based on otoliths of Whiting and unidentiﬁed gadoids. Saithe = Pollachius virens, Haddock
= Melanogrammus aegleﬁnus.
Period N stomach Stomachs without Stomachs Main prey Length of Whiting Source
samples contents containing ﬁsh species consumed
remains
1980-82 113 11.5% 78.0% Saithe / Haddock, min-max: 6-13 cm Vauk-Hentzelt
Whiting and Bach-
mann (1983)
1983-85 560 8.8% 96.7% Sandeels, ø 16 cm (min- Prüter (1989)
Whiting max:<10-23 cm)
1990-92 320 14.0% 62.6% Whiting ø 13 cm Maul (1994)
(min-max: 7-22 cm)
2001 29 13.8% 64.0% Whiting ø 8 cm This study
(min-max: 6-13 cm)
2002 20 10.0% 66.7% Whiting ø 20 cm This study
(min-max: 19-21 cm)
2004 33 6.1% 80.7% Whiting ø 9 cm This study
(min-max: 6-19 cm)
2006 23 8.7% 42.9% Nereidae not found This study
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3.4.2 Comparison to earlier studies
The diet composition in the years 2001, 2002 and 2004 assessed in this study corresponds
well to earlier studies on food of Kittiwake nestlings at Helgoland (Table 3.6). With the
exception of 2006, Whiting was always the major or one of the main prey species in the
diet of chicks at Helgoland. Moreover, the size of ﬁsh consumed was more or less the
same over the diﬀerent study periods, implying that mostly Whiting of age class 0 were
preyed upon (following Knijn et al. 1993). No information of parasite infestation was
given in studies of the 1980s. Parasite prevalence of birds from 1990-92 however was with
9% substantially lower than the values recorded for chicks and adults in the present study
(58% and 100%, respectively). Proportion of infested birds varied between years both
within the early 1990s (range: 7-16%) and 2001-2006. Infection of chicks with parasites
can either result from larval stages in prey such as ﬁsh, which are intermediate hosts
of parasites recorded in Kittiwakes (Maul 1994), or chicks can obtain parasites directly
with prey loads delivered by infested parents. Thus, the probability of infection rises
with the total sum of feedings and thus the age of chicks. However, diﬀerences between
the 1990s and the present study are substantial and it is unlikely that samples collected
in 1990-92 comprised youngest chicks only. Thus, this result could either represent an
artefact due to diﬀerent methods of preparation of samples or parasite load of birds
indeed increased over the years. Parasite infection might be inﬂuenced by diﬀerences
in prey species due to host-speciﬁc parasites (not applicable in this case) or by parasite
prevalence of prey.
3.4.3 Whiting: discard or natural prey?
As gadoids are generally classiﬁed as demersal ﬁsh species (Muus and Nielsen 1999),
Whiting and other gadoid species were believed not to be naturally available for the
surface-feeding Kittiwake, which reaches a maximum diving depth of 1-2 m only dur-
ing surface plunging (Burtt 1974). Earlier studies consequently assumed Whiting to be
mainly accessible to Kittiwakes in form of ﬁsheries discard (Vauk-Hentzelt and Bach-
mann 1983, Prüter 1989, Maul 1994). Thus, Kittiwakes were believed to rely heavily on
ﬁsheries and thus were supposed to be highly vulnerable to reductions in this anthro-
pogenic food source (Camphuysen et al. 1995). However, only a very low percentage of
Kittiwakes was actually observed at ﬁshing vessels in the German Bight (<5%, Jan-Dec
1990-2006, German Seabirds at Sea database v5.07). In the breeding season of 2006,
the at-sea distribution of Kittiwakes in the sea area around Helgoland was studied in-
tensively (chapter 4, page 49) and not a single individual was recorded at ﬁshing vessels.
In conclusion, Kittiwakes do not seem to spend a high percentage of their time feeding
on discards. Instead, analyses of dedicated cruises depicted an association of Kittiwakes
with hydrographic fronts during summer. In correspondence, the major concentration
areas of Kittiwakes coincide with areas of high frontal activity during the breeding sea-
son (chapter 2, page 13). Most interestingly, young Whiting (<15 cm total length) were
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found to concentrate in frontal areas of the North Sea (Flöter 2005). Moreover, the
German Bight represents one of the concentration areas of juvenile Whiting within the
North Sea in summer (http://www.ices.dk/marineworld/ﬁshmap/ices/pdf/whiting.pdf).
Juvenile gadoids are characterised by a pelagic phase, which extends over a longer period
in the case of Whiting (Muus and Nielsen 1999). In correspondence, dense schools of juve-
nile Whiting were recorded in the upper water column of the sea area around Helgoland
in August 2004 in the course of a ﬁsheries research cruise (D. Stepputtis, pers. comm.).
These ﬁndings lead to the assumption that juvenile Whiting are indeed available in high
concentrations near the sea surface in frontal areas of the German Bight, where they
can be preyed upon by foraging Kittiwakes. Consequently, we consider Whiting in the
diet of Kittiwakes at Helgoland to originate from a natural feeding area independent of
commercial ﬁshing activities.
3.4.4 Diet composition in 2006
Our samples of 2006 comprise three unusual aspects contrasting earlier results: (1) An
exceptionally high number of chicks died within a few days although weather conditions
were not stormy. (2) No Whiting was found in stomach samples. (3) The main prey
item according to stomach contents were polychaetes (Nereidae).
Nereidae are benthic polychaetes and thus are like benthic ﬁsh, usually out of reach
for surface-feeding Kittiwakes. During reproduction however, most Nereidae evolve epi-
tokous Heteronereis stages swarming in the surface layers which simultaneously release
gametes within a few days (`epidemic spawning', Watson et al. 2000). These ephemeral
patches of swarming Nereidae have been found to attract high numbers of gulls (SE
North Sea, N. Markones and N. Guse, unpubl. data) and other seabirds, e.g. Surf Scot-
ers Melanitta perspicillata (Lacroix et al. 2005). No information was available on energy
content of Heteronereis stages, but this prey can be assumed to possess relatively high
energy density due to large numbers of mature gametes per individual. Common nereid
species in the sea area around Helgoland swarming in June/July comprise Nereis virens
and Eunereis longissima (I. Kröncke, pers. comm.). Due to its small size, the latter
probably was not relevant in the present study as jaws recovered in Kittiwake stomachs
were relatively large with an estimated mean length of 3 mm. However, Kittiwakes reach
maximum foraging distances of 80 km around the colony (Camphuysen 2005) and thus
are also able to feed on Nereidae swarming in the coastal zone. Thus, species like Nereis
succinea and Nereis zonata could also be prey of Kittiwakes from Helgoland (following
Dankers et al. 1983a). Nereis diversicolor, a common species of the Wadden Sea area
however does not form epitokous Heteronereis stages (Hartmann-Schröder 1996). On
28 June 2006, smaller concentrations of Kittiwakes were recorded near the 10 m water
depth contour at the edge of the Wadden Sea region (Fig. 3.3). Jaws of Nereidae were
ﬁrst recorded in 2006 in one stomach sample of 1 July, while four birds collected on
27 or 29 June either did not contain any prey remains or contained one Sprat or one
unidentiﬁed clupeid, respectively. Due to resistible chitinous material, digestion of nereid
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jaws presumably takes relatively long (see also Leopold and Van Damme 2003) similar
to that of cephalopod beaks (Furness et al. 1984). Fish remains on the other hand can
be completely digested by Kittiwake chicks (Prüter 1989). Thus, it remains unclear
whether birds were already preying on nereid worms on 28 June. In addition, possible
feeding ﬂocks over smaller nereid patches might have been missed due to distances of
8 km between the diﬀerent aerial observation transects.
Did birds feed on Nereidae because of exceptionally high availability of this prey in form
of swarming Heteronereis stages or because of exceptionally low availability of ﬁsh prey,
i.e. of Whiting? It may be speculated that a single factor, i.e. temperature, inﬂuenced
both availability of Whiting and Nereidae and caused high mortality of Kittiwake chicks.
In the respective period, high temperature of air and water was recorded with sea surface
temperature in the German Bight rising above 19◦C and temperature at the sea bottom
around Helgoland rising above 17◦C (Wegner 2007). Temperature of the seabird breed-
ing cliﬀs, which are mainly oriented to SW, presumably reached extremely high values.
Direct radiation and high temperatures constrain thermoregulatory abilities and cause
heat stress both in adults and chicks of Kittiwakes. Under such circumstances, parent
birds are forced to leave the nest, leading to death of chicks due to heat stress or lack
of food (Barrett and Runde 1980). In correspondence, Becker et al. (1997b) reported
high mortality of ﬂedged chicks of Common Terns Sterna hirundo at the German North
Sea coast in summer 1989 and 1992, when water temperature reached values of >20◦C.
Mortality, which was accompanied by low values of growth and body mass in 1989, was
not referred to direct heat stress but rather to food shortage. In that study, the main
prey, Herring, had deserted the Wadden Sea area during the heat wave, leading to a
depressed supply of energy and water for the chicks. Most interestingly, low body mass
values and increased mortality were also recorded for Kittiwake chicks at Helgoland in
the same year (O. Hüppop in Becker et al. 1997b).
Like Herring and Cod Gadus morhua, which strive to remain in water bodies of sta-
ble temperature to avoid energetically costly reacclimation processes (Claireaux et al.
1995), Whiting presumably desert water bodies of increasing temperature during peri-
ods of extreme heat. On the other hand, swarming of Nereidae is triggered by certain
threshold temperature levels. Nereis succinea and N. virens thus require a rise in wa-
ter temperature to 16◦C or higher and greater than 5-8◦C, respectively (reviewed in
Watson et al. 2000). Moreover, suddenly raised temperatures can cause swarming in
polychaetes independent from other factors such as lunar timing (Hardege et al. 1990).
With regard to frequency of occurrence and numbers of Nereidae found in Kittiwake
stomachs in 2006, which were all collected between 1 and 4 July, it is highly probable
that Kittiwakes preyed upon swarming Heteronereis stages occurring ephemerally at the
sea surface. However, it remains unclear whether swarming was actually induced by the
observed rise in temperature or whether it was triggered by other parameters, e.g. the
lunar cycle (Watson et al. 2000). In conclusion, superabundance of swarming Nereidae
and absence of Whiting might explain diet composition of Kittiwake nestlings in July
2006. It can be assumed that Nereidae did not provide comparable values of lipid and
above all water content, making them less suitable prey in periods of heat stress.
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Figure 3.3: Distribution of Black-legged Kittiwakes as recorded during an aerial survey on
28 June 2006. (Flight route had to be slightly altered due to an active danger zone to the
Northwest of Helgoland.)
3.5 Conclusions
3.5.1 Quality of samples
Collection of dead chicks currently represents the only method at the study site to inves-
tigate Kittiwake diet. Results of the present study and earlier analyses imply that these
samples indeed provide valuable information regarding diet composition of Kittiwakes
from the breeding colony on Helgoland. Due to maximum foraging distances of approx-
imately 80 km, Kittiwakes may sample a relatively large sea area around Helgoland.
Thus, they provide valuable information for the inner German Bight on the occurrence
of pelagic prey, which is generally diﬃcult to sample (Montevecchi 1993). However, re-
sults have to be interpreted with care. Thus, there is risk of sampling the `losers' of
the breeding colony, and the availability of samples may be inﬂuenced by environmental
incidents.
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3.5.2 A menu of winners?
The population trend of Kittiwakes at Helgoland diﬀers substantially from the situation
of breeding colonies in the northern North Sea. However, the persistent increase in breed-
ing numbers observed in the 1990s might at least partly result from birds immigrating
from other colonies as it had been shown for periods of rapid growth in the 1970s and
1980s (Fleet 1984). Although leading to a doubling of breeding numbers at Helgoland,
the observed increase by 4,000 breeding pairs is negligible compared to declines in the
Northern North Sea (following Heubeck 2004, ICES-WGSE 2006). Unfortunately, no
detailed information is available concerning breeding performance of Kittiwakes at Hel-
goland. Some indications however can be drawn from results of the present study. Thus,
the low body condition of chicks in 2004 coincides with devastating breeding performance
of Kittiwakes in many British colonies (ICES-WGSE 2006). In contrast, mortality in
2006 can probably be attributed to exceptionally high temperatures whilst overall con-
dition of chicks was good. Overall, the combination of present results and earlier studies
leads us to the conclusion that Kittiwakes at Helgoland were well oﬀ while consuming
predominantly Whiting for several decades.
However, data from ﬁsheries research catches and commercial catches indicate that the
Whiting stock of the North Sea has declined since 1991 to a low level compared to ear-
lier years (ICES-WGNSSK 2006). In the German Bight, older/adult Whiting have not
been caught in higher numbers in International Bottom Trawl Surveys since 1997 and
numbers were already low since 1993. In addition, numbers of young Whiting at age 1
decreased substantially in IBTS catches since 2003 at the level of the entire North Sea
(S. Ehrich, pers. comm.). However, trends vary spatially probably due to the fact that
Whiting forms two separated stock units in the northern and the southern North Sea
(ICES-SGSIMUW 2005). There are indications that the abundance of Whiting in the
southern part of the North Sea increased between 2001 and 2005 while it remained stable
or declined in the central and northern part of the North Sea (ICES-WGNSSK 2006).
No information could be derived on probable changes in energy density of Whiting, but
according to data from landings, mean body mass at age 1 increased from 1995 to 2005
(ICES-WGNSSK 2006). This positive trend indicates good feeding conditions both for
young Whiting and its predators.
Diﬀering trends for marine prey stocks in the southern and the northern part of the
North Sea are also indicated by an exceptionally high abundance of seabirds and marine
mammals in the southern North Sea in recent years (Camphuysen 2006). For the latter
group this phenomenon can in particular be observed for Harbour Porpoises Phocoena
phocoena which showed a shift in their main concentration area from the northern to the
southern North Sea between 1994 and 2005 (Hammond and Macleod 2006). Following
Clark and Frid (2001), distinct ecosystem changes in the northern, western and central
part of the North Sea are generally mainly caused by climatic changes while ecosystem
changes in the southern and eastern part are predominantly driven by changes in nutrient
input from anthropogenic sources. Thus, current climatic changes like increasing temper-
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atures probably led to reductions in food availability for seabirds and marine mammals
in the northern part of the North Sea but presumably did not cause signiﬁcant changes
in the southern part. It remains unclear however, whether the latter will persist to pro-
vide good foraging grounds for marine top predators or whether comparable ecosystem
changes in this region will become evident after a certain time lag. Like seabird research
in the northern North Sea, future studies of breeding numbers, breeding performance
and diet composition of Kittiwakes at Helgoland could provide the potential to evaluate
the situation of marine prey stocks in the German Bight and to identify major ecosystem
changes.
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Abstract
A series of replicate surveys was conducted to assess extent and sources of small scale
temporal variability in seabird distribution patterns in the German Bight, south-eastern
North Sea. Both aerial and ship-based surveys were applied to focus on the extent
of variability in distribution patterns and on the inﬂuence of environmental parameters
that evoke and shape such variability. Signiﬁcant changes in distribution and abundance
of seabirds were recorded at the order of days and smaller time spans. Interspeciﬁc
diﬀerences in stability of distribution patterns were assumed to result from diﬀerences in
foraging behaviour. Abundance, distribution and behaviour of birds were signiﬁcantly
inﬂuenced by a variety of environmental parameters, such as hydrographic fronts, wind
speed, tidal stage and time of day. These environmental factors vary at periodic or
stochastic intervals and thus have the potential to evoke predictable and unpredictable
variation in seabird distribution patterns. Knowledge of sources of variability is essential
for the evaluation of results of past and future studies on seabird distribution patterns,
the design of monitoring programmes focusing on changes in distribution and numbers
and the evaluation of consequences of anthropogenic impacts.
4.1 Introduction
Seabirds are generally not dispersed uniformly at sea but aggregate at diﬀerent scales
due to individual associations and spatially varying availability of resources (Hunt and
Schneider 1987, Brown 1988). Next to this spatial variation, seabird distribution patterns
also undergo temporal variation, mostly in response to temporally varying availability
of resources (Hunt and Schneider 1987). Temporal variability in distribution patterns
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is here above all deﬁned as changes in spatial patterns, e.g. shifts in concentration ar-
eas. This temporal variability of spatial aspects is further supplemented by variability in
overall density, i.e. changes in total numbers which are caused by individuals emigrating
or immigrating into the study area. Like spatial variability, temporal variability occurs
at diﬀerent scales. Thus, seabird distribution patterns change at the order of decades
and years (Final EU-Report BECAUSE, in prep.), at the order of seasons and at smaller
scales such as days. In the south-eastern North Sea extensive research has focused on
seasonal dynamics of seabird distribution patters (Garthe et al. 2004). At present, mean
distribution patterns of all major seabird species can be depicted for each season. How-
ever, small and meso scale variability can be substantial, thus constraining explanatory
power of mean distribution patterns. To our knowledge, an analysis of extent and sources
of small scale variability of distribution patterns was seldom the focus of past seabird
studies world-wide (but see Becker et al. 1997a, Speckman et al. 2000). Variability of
seabird distribution patterns complicates conservation and management eﬀorts as it con-
strains (a) the ecological valuation of speciﬁc areas, (b) the calculation of total numbers,
and (c) the assessment of population trends or shifts in distribution. However, under-
standing sources of variability enables us to evaluate results of past and future studies
on seabird distribution patterns, to design monitoring programmes focusing on changes
in distribution and numbers, and to evaluate consequences of anthropogenic impacts.
In the south-eastern North Sea, plans for oﬀshore wind farms necessitated an ecologi-
cal accompanying research evaluating the construction, maintenance and operation of
wind farms with respect to impacts on seabirds amongst others to enable an ecologically
sound and sustainable utilisation of oﬀshore wind energy (Kellermann et al. 2006). Next
to an assessment of general distribution patterns, a description of small to meso scale
variability within areas of concern was required to complete mean distribution patterns
with respect to the ecological valuation of speciﬁc areas.
For a number of reasons, the south-eastern North Sea represents both an exceptional
and highly suited study area with respect to research on small scale variability of seabird
distribution patterns. First, its hydrography, which forms main habitat structures in-
ﬂuencing seabird distribution (Garthe 1997, Skov and Prins 2001, chapter 5, page 71,
and chapter 2, page 13) is characterised by high small to meso scale spatial and tempo-
ral variability (Becker and Prahm-Rodewald 1980, Dippner 1993). Secondly, its seabird
community mostly comprises gulls (both truly marine species such as Black-legged Kit-
tiwakes Rissa tridactyla and coastal species such as Larus gulls) and terns which are
highly mobile opportunistic foragers. Gulls and terns predominantly spend their time
ﬂying and thus change position rapidly compared to species swimming most of their
time. Moreover, gulls in particular use a variety of diﬀerent food sources, ranging from
ﬁsheries discards and oﬀal to pelagic ﬁsh, crustaceans and benthic invertebrates of the
Wadden Sea mud ﬂats, and may include even terrestrial organisms from agriculturally
dominated habitats. The diﬀerent food sources are characterised by varying availability
changing either at periodic intervals, such as benthos availability inﬂuenced by tidal
rhythms, or irregular intervals such as ﬁsheries discards. Due to their high mobility,
gulls are able to respond to changing prey availability within short time spans and thus
50
4.2 Material and Methods
are able to exploit the diﬀerent habitats very eﬀectively. Thus, it is assumed that gulls
exhibit higher levels of variability in distribution patterns than e.g. Common Guillemots
Uria aalge which spend most of their time swimming (chapter 6, page 89).
To analyse extent and sources of variability in seabird distribution patterns, we applied
a series of replicate surveys. Emphasis was laid on aerial surveys as they oﬀer the pos-
sibility of sampling large areas within short periods of time. Aerial surveys enabled
Nettleship and Gaston (1978) to describe substantial changes in distribution of forag-
ing seabirds within a few days. These shifts in distribution would most probably not
have been recognised in the course of ship-based studies as these are progressing at the
same temporal scale as potential movements of seabirds (following Brown 1980). How-
ever, during ship-based studies a variety of parameters, e.g. with respect to hydrography
and food availability, can be sampled simultaneously along with seabird counts. These
additional data represent the possibility to gain insight into sources of variability by de-
scribing factors inﬂuencing occurrence and thus variability of seabird distribution. We
consequently applied aerial surveys to assess the extent of variability in large scale dis-
tribution patterns and carried out ship-based studies to focus on the inﬂuence of various
environmental parameters.
Thus, the present study was set to meet the following objectives: We wanted to
(1) test the stability of seabird distribution patterns and to investigate whether temporal
variability is a major characteristic of seabird distribution patterns in the study area,
(2) test for temporal variability at diﬀerent scales (i.e. at the order of weeks, days and
time spans shorter than days),
(3) evaluate whether single species exhibited higher temporal variability in distribution
patterns than others and try to explain possible diﬀerences,
(4) identify parameters evoking and shaping variability in the study area.
4.2 Material and Methods
In the German Bight, seabird distribution patterns were recorded by aerial and ship-
based surveys as described in chapter 1.3.3, page 8. Aerial surveys were only carried
out during low wind conditions (Table 4.1) to obtain good observation conditions. Es-
timating temporal variability in animal abundances is constrained by sampling vari-
ance, i.e. sampling inexactness and spatial variance (Mönkkönen and Aspi 1997). In
the `Seabirds at Sea' programme, sampling inexactness is accounted for by avoidance
(intercalibration of observers, snapshot method) and correction / mitigation (Buckland
distance correction). Spatial variance results from the fact that the size of the sampling
unit is inadequate to depict the distribution pattern of individuals in the sampling area
(Mönkkönen and Aspi 1997). However, this problem is most relevant with respect to
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Table 4.1: Dates of aerial surveys during the breeding season of 2006 and respective breeding
stages of the two most common breeding species on Helgoland. Classiﬁcation of breeding stages
follows Dierschke et al. (2004), Grunsky-Schöneberg (1998), OAG Helgoland and pers. observa-
tions.
7 Jun 9 Jun 19 Jun 28 Jun 12 Jul 13 Jul 12 Aug
Wind NW 2-3 / N 1-2 S-SW 1-3 NW 3-4 S 1-2/ SW-W 1-3 N 1-3
Black- Late Hatching / Chick- Late Colony
legged incubation Early chick- rearing chick-rearing / deserted
Kittiwake period rearing Fledging
Common Chick- Late chick- Colony most- Colony mostly Colony
Guillemot rearing rearing / ly deserted, deserted, deserted,
Chicks leave begin of begin of moult
ledge moult moult
assessing numbers, i.e. variability in density. Although spatial variability can be con-
fused with temporal variability in certain situations, this aspect is not considered to be
relevant in the present analysis.
We carried out several dedicated surveys to assess variability of seabird distribution pat-
terns at diﬀerent temporal scales. In the breeding and immediate post-breeding period
of 2006, aerial surveys were conducted along a speciﬁcally designed survey route focusing
on the waters around the small oﬀshore island Helgoland. The transect course was de-
signed with regard to the breeding species of the seabird colony on Helgoland and covers
in particular the central part of the mean distribution area of Black-legged Kittiwakes
during the breeding season (Fig. 4.1). Distance between single transects was set to 8
km. Following the method described above, the entire route was sampled within one
survey day. Surveys were carried out at diﬀerent stages of the breeding period to assess
diﬀerences in distribution patterns at the order of weeks. In addition, we also repeated
surveys twice within one or two days, respectively, to assess small scale variability at the
order of days (Table 4.1). Distribution patterns of Common Guillemots were derived by
combining data on Common Guillemot and `Razormots' (Common Guillemot / Razorbill
Alca torda). This method was considered appropriate as numbers of Razorbills make
up less than 1% of numbers of Common Guillemots in summer in the German Bight
(Garthe et al. 2007). We tested diﬀerences in distribution of Kittiwakes and Common
Guillemots between single surveys by modelling the occurrence of the species using the
observation position. Thus, a spline of the latitude and longitude values formed the
predictor variable in a Generalized Additive Model (GAM, Hastie and Tibshirani 1990,
Wood 2006) using the quasi-Poisson function and the MGCV package (Wood 2000) in
R 2.5.0 (http://www.r-project.org/). We compared models that based on data of two
survey days with models that were ﬁtted using the data of one of the survey days by
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Figure 4.1: Transect lines of aerial surveys for studying the temporal variability of seabird
distribution patterns. Additionally depicted is the mean distribution pattern of Kittiwakes
during the breeding period (May-July, data source: German Seabirds at Sea database 5.07,
comprising ship-based surveys from 1990-2006). Total length of survey transects ≈ 840 km.
applying the ANOVA function (Wood 2006). Thus, we tested diﬀerences in the distri-
bution of Kittiwakes between the survey days of 9 June, 19 June, 28 June, 12 July and
12 August to assess variability at the order of weeks. Bonferroni correction was applied
to account for multiple testing. In addition, we tested diﬀerences in distribution patterns
of Kittiwakes and Guillemots between 7 and 9 June, and 12 and 13 July, respectively,
to get an indication of variability at the order of days.
A comparison of the same survey route was also carried out during a ship-based survey
on 3 and 4 May 2006 in the vicinity of Helgoland (54◦11'N, 7◦55'E). On both days, we
recorded Kittiwake occurrence on a transect in north-westerly direction from the breed-
ing colony. Sea surface hydrography (temperature and salinity) was assessed simultane-
ously along with bird counts using Ferrybox instrumentation (http://www.ferrybox.org/,
Petersen et al. 2005). Additionally, bird counts were interrupted every 3 nautical miles
to record vertical proﬁles of temperature and salinity continuously from sea surface to
sea bottom using a CTD-cast. Stations were sampled at the same positions on both
days. However, due to unfavourable weather conditions, two stations could not be sam-
pled on 4 May, resulting in a total of 20 stations on 3 May and 18 stations on 4 May.
Diﬀerences of Kittiwake distribution between the two survey days were tested by use
of GAMs following the method described above for aerial surveys. To correlate Kitti-
wake distribution with hydrography, we divided the seabird survey route into transect
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Figure 4.2: Survey route of ship-based studies between Helgoland and Büsum and classiﬁcation
of count sections T1-4.
segments prefacing and following a respective hydrographic station to obtain sampling
units that were representative of the Kittiwake occurrence at the station or in its imme-
diate vicinity. Segments were conﬁned to a maximum of 12 min sampling time following
or prefacing the hydrographic station. Thus, bird density was calculated for counting
intervals covering a sampling area from 0.94 km2 to 2.18 km2 around (i.e. prefacing or
following) the corresponding hydrographic station. We obtained indicators of frontal
occurrence by calculating the average diﬀerence between consecutive sea surface salin-
ity and temperature measurements per minute for the respective sampling unit around
the hydrographic station. The diﬀerence between measurements at the surface and the
seabed acted as indication of stratiﬁcation. Next to these indicators of fronts (Tfront,
Sfront) and stratiﬁcation (Tdiﬀ, Sdiﬀ), we used sea surface temperature (SST) and sea
surface salinity (SSS) as predictor variables in a GAM modelling the distribution of Kit-
tiwakes. The model was ﬁtted using ﬁve knots for each parameter and by applying the
quasi-Poisson function. The model was selected using backward selection (applying the
ANOVA function in R).
Small scale temporal variability of seabird distribution was additionally studied during
ship-based studies in the coastal area between Büsum (54◦08'N, 8◦52'E) and Helgoland
(Fig. 4.2). Bird counts were carried out along a regular ferry route on ten consecutive
days in late summer 2003 from 12 to 21 August. The ferry travelled from Büsum to
Helgoland in the morning between 7:30 h and 10:15 h UTC and returned from Helgoland
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to Büsum in the afternoon between 14:15 h and 17:00 h UTC. However, on 15 August,
the outbound survey had to be interrupted due to unfavourable weather conditions. The
survey transect presented a section over diﬀerent habitats such as the Wadden Sea re-
gion, the subsequent Elbe plume and the area around Helgoland which represents a more
marine habitat. The route was divided into 4 sections, each comprising 16 km transect
length. Thus, seabird distribution could be compared between days, diﬀerent times of
day (morning vs. afternoon) and count sections.
Dominant seabird species recorded during the survey between Büsum and Helgoland on
the ten ship-based survey days in August 2003 consisted of six gull species and three
tern species: Black-headed Gull Larus ridibundus, Common Gull Larus canus, Lesser
Black-backed Gull Larus fuscus, Herring Gull Larus argentatus, Great Black-backed
Gull Larus marinus, Black-legged Kittiwake, Sandwich Tern Sterna sandvicensis, Com-
mon Tern Sterna hirundo and Arctic Tern Sterna paradisaea. The latter two species
were grouped as `Commic Terns' due to identiﬁcation diﬃculties. Diﬀerences in daily
numbers of each species (group) were tested separately for diﬀerent count sections and
times of day. We applied a Pearson correlation with a 1-day time lag, i.e. tested for
correlation of seabird occurrence on a given day with numbers of the following day. Due
to missing data (see above) 15 August was ignored in the analysis, treating 16 August
as successor of 14 August. Tests were only carried out for species exhibiting at least one
positive occurrence (>0) in more than one of nine data pairs.
Furthermore, we tested the inﬂuence of several environmental parameters on the occur-
rence of the four most common species, Black-headed Gull, Common Gull, Lesser Black-
backed Gull and Herring Gull, during the nine complete survey days. Trawler abundance
was recorded simultaneously along with bird counts to investigate the inﬂuence of ﬁsh-
ing activity on the occurrence of the four species, which are known to feed regularly on
discard and oﬀal. Data on wind speed was obtained from the meteorological station at
Research and Technology Centre (FTZ) in Büsum. We incorporated maximum wind
speed in the analyses as we expected a stronger inﬂuence of strong gusts compared to
mean wind speed on gull mobility and thus gull occurrence. According to tide forecasts
of the Federal Maritime and Hydrographic Agency (BSH), the tidal stage of each count
section was classiﬁed as ﬂood tide or ebb tide separately for each day and time of day.
Analyses comprised data of count section 1 and 2 only as gulls predominantly occurred
in this area (see Fig. 4.9). Moreover, trawlers were exclusively recorded in count section
1 and 2. We ﬁrst tested inﬂuence of time of day, count section (= transect), tidal stage
and maximum wind speed on trawler abundance applying a Generalized Linear Mixed
Model (GLMM, e.g. Faraway 2006) in R using the package lme4 (Bates and Sarkar 2007).
The model was set as follows: response variable = trawler number, predictor = daytime
+ transect + tide + wind, random eﬀect = day, family = quasi-Poisson. The inﬂuence
of time of day, count section, tidal stage and maximum wind speed on gull occurrence
was tested independently from trawler abundance separately for each species applying a
GLMM of the following kind: response variable = bird number, predictor = daytime +
transect + tide + wind, random eﬀect = trawler number, family = quasi-Poisson. Inﬂu-
ence of trawler abundance on numbers of gulls was tested by comparing these GLMMs
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Figure 4.3: Temporal variability of seabird distribution patterns in the breeding and post-
breeding period of 2006 in the south-eastern North Sea. Distribution of Black-legged Kittiwakes
on 9 June, 19 June, 12 July and 12 August as recorded during aerial surveys.
with GLMMs incorporating no random eﬀect (only one group) by applying the ANOVA
function in R. Inﬂuence of trawler abundance on gull occurrence was regarded signiﬁcant
in case of signiﬁcant diﬀerences between corresponding models. In addition, we tested
the inﬂuence of daytime, count section, tidal stage and maximum wind speed on resting
and scavenging behaviour applying a GLMM of the following kind: response variable
= resting / vessel association, predictor = daytime + transect + tide + wind, random
eﬀect = day, family = binomial. For the analysis of behaviour, we incorporated data
from all ten survey days. Models were selected using backward selection (applying the
ANOVA function in R).
Inﬂuence of time of day was also tested for the distribution of Black-legged Kittiwakes
during the breeding season (May-July) within the area 53.35◦ to 55.2◦ N and 5◦ to
9◦ E. Thus, we derived mean distribution patterns of this species for 6 diﬀerent time
periods, 2:30-5:59, 6:00-8:59, 9:00-11:59, 12:00-14:59, 15:00-17:59 and 18:00-20:30 h UTC,
according to long-term ship-based surveys (1990-2006, data source: German Seabirds at
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Sea database v5.07). Time periods were hereafter termed as 2-5, 6-8, 9-11, 12-14, 15-17
and 18-20 h UTC. No surveys had taken place before 2:30 h UTC and after 20:30 h UTC
due to darkness. Distribution patterns were mapped in ArcView GIS 3.2 by calculating
densities per 3' latitude x 5' longitude grid. Kittiwakes were recorded in distances up
to 200 km from the breeding site. However, maximum foraging ranges of breeding
Kittiwakes in the North Sea amount to 80 km (Camphuysen 2005). We thus tested
diﬀerences in distribution within 80 km around Helgoland between diﬀerent daytimes
applying GAMs. We compared models that were based on the data of two diﬀerent times
of day with models that were ﬁtted using the data of one speciﬁc daytime by applying the
ANOVA function (Wood 2006). Thus, we tested for diﬀerences between each possible
pair of times of day. Bonferroni correction was applied to account for multiple testing.
We then analysed the occurrence of breeding Kittiwakes within diﬀerent distance classes
from the breeding colony on Helgoland. We considered individuals occurring in distances
>80 km to be entirely independent of the Helgoland breeding colony and distinguished
between distance classes of 0-20 km, 20-40 km, 40-60 km and 60-80 km. Mean densities
were calculated separately for each class of daytime for the four diﬀerent distance classes
on the basis of grid data described above. The inﬂuence of daytime and distance from
colony was tested on the basis of original data applying a GAM.
4.3 Results
The at-sea distribution of Black-legged Kittiwakes around the colony on Helgoland dif-
fered substantially between the four diﬀerent survey days that took place in diﬀerent
stages of the breeding season of 2006. High numbers of Kittiwakes were always recorded
in the vicinity of the breeding colony on Helgoland. On 9 June and 12 July, distinct con-
centrations were additionally observed along the 20 m depth contour in the north-west of
the study area. High densities were also recorded in the Elbe outﬂow region east of Hel-
goland on 12 July. This area along the coast held the majority of Kittiwakes on 19 June.
In contrast, it was completely deserted in the post-breeding period on 12 August, as
Kittiwakes concentrated in the vicinity of Helgoland and further west and south-west
(Fig. 4.3). Distribution patterns diﬀered signiﬁcantly between single surveys. Only the
distribution patterns of 28 June (Fig. 3.3) and 12 July were not signiﬁcantly diﬀerent,
yet both surveys diﬀered signiﬁcantly from the rest of the days. Signiﬁcant diﬀerences
were also detected between consecutive days (Fig. 4.4). The distribution of Common
guillemots did not diﬀer between 7 and 9 June (p=0.4) and was relatively similar be-
tween the surveys on the 12 and 13 July 2006 (p=0.06, Fig. 4.4, bottom). In contrast,
the distribution of Kittiwakes diﬀered signiﬁcantly between 7 and 9 June (p=0.0002)
and 12 and 13 July (p=0.02), showing e.g. a concentration area along the 20 m depth
contour to the north-west of Helgoland on 12 July that had disappeared the next day
(see Fig. 4.4, top).
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Figure 4.4: Small scale temporal variability of seabird distribution patterns in the breeding
period of 2006 in the south-eastern North Sea. Distribution of Black-legged Kittiwakes (top)
and Common Guillemots (bottom) on 12 (left) and 13 (right) July as recorded during aerial
surveys.
Signiﬁcant diﬀerences in Kittiwake distribution were also recorded between 3 May and
4 May 2006 during ship-based surveys (F=8.387, p<0.0001). On both days, high num-
bers were recorded in the vicinity of the colony. The second concentration area at sea
however shifted further to the north-west from 3 to 4 May (Fig. 4.5). The occurrence of
Kittiwakes was best explained by a GAM comprising sea surface salinity (SSS), and in-
dicators of salinity fronts (Sfront) and temperature stratiﬁcation (Tdiﬀ). All parameters
inﬂuenced Kittiwake occurrence signiﬁcantly (variance of the intercept: -2.586, p=0.02;
SSS: F=5.091, p=0.031; Sfront: F=5.156, p=0.003; Tdiﬀ: F=5.030, p=0.003). High in-
tensity of salinity fronts had a distinct positive eﬀect on Kittiwake distribution (Fig. 4.6).
The model explained 65.8% of the total variance of the data. However, the model was
based on 38 data points only and removing the data point of maximum density resulted
in less signiﬁcant eﬀects (Figs. 4.6 and 4.7) and a lower value of 52.4% variance explained
by the model.
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Figure 4.5: Sea surface salinity [psu] and distribution of Black-legged Kittiwakes on 3 (left) and
4 (right) May 2006 as recorded during ship-based surveys. Sea surface salinity was recorded
simultaneously along with bird counts and was mapped by interpolating measurements via the
kriging method in Surfer 8.01 (Anonymous 2002).
Figure 4.6: GAM smoothing curves ﬁtted to partial eﬀects of explanatory variables on density
of Black-legged Kittiwakes during ship-based studies on 3 and 4 May. Density is represented
as a function of intensity of salinity fronts depicted for a GAM based on complete data of
both study days (left; F=5.156, p=0.003) and for a GAM based on data lacking the data
point of maximum density (see Fig. 4.7; F=2.989, p=0.03; right). Dashed lines represent 95%
conﬁdence intervals around the main eﬀects. High intensity of salinity fronts had a positive
eﬀect on Kittiwake distribution. Frontal intensity represents an indication of gradient strength
and frequency of frontal incidents (see Methods).
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Figure 4.7: Estimated density by GAM versus measured density. High correlation is caused by
the data point of maximum density encircled in red.
The occurrence of seabird species between Büsum and Helgoland on the ten ship-based
survey days in August 2003 was characterised by high variability. Numbers of diﬀerent
species peaked at diﬀerent times, and patterns of occurrence diﬀered between the morn-
ing and afternoon trip and between consecutive days (Fig. 4.8). In accordance, analyses
revealed no correlation of the occurrence of all eight gull and tern species (groups) be-
tween consecutive days: Only two of 55 Pearson correlation tests produced a signiﬁcant
result, making up a proportion of less than 2%. Thus, the proportion of signiﬁcant re-
sults falls within the expected range (<0.05%) of a dataset holding no eﬀect. In addition,
the mean correlation coeﬃcient (mean rho) equals approximately 0, implying no trend.
However, numbers did not vary randomly but were correlated to a variety of factors.
Thus, trawler abundance correlated signiﬁcantly positively with the occurrence of Black-
headed, Common, Lesser black-backed and Herring Gulls. Trawler occurrence itself was
signiﬁcantly inﬂuenced by time of day, count section and wind, but not by tidal stage.
Numbers of trawlers were higher in the second count section further oﬀshore and de-
creased with time of day and with increasing wind speed. Thus, the inﬂuence of the
factors time of day, count section, tidal stage and wind had to be tested independently
from inﬂuence of trawler abundance. All four factors had a signiﬁcant inﬂuence on the
occurrence of all four species (signiﬁcant at 0.05 level, n observations = 36, n groups
of trawler abundance = 8). Numbers of all four gull species decreased with increasing
wind velocity and were higher during ﬂood tide compared to ebb tide. While numbers of
Black-headed, Common and Herring Gulls correlated positively with time of day and neg-
atively with distance to coast, Lesser Black-backed Gulls showed an inverse relationship
with higher numbers in the morning and in the second count section further oﬀshore.
An overview over total numbers of gulls in each count section during the diﬀerent times
of day depicted striking spatio-temporal diﬀerences in area usage (Fig. 4.9). All species
predominantly occurred in the ﬁrst and second count section in the Wadden Sea re-
gion. In the morning, highest gull numbers occurred in count section 2 whereas in the
afternoon most gulls occurred in count section 1 closer to the coast. Trawler numbers
were higher in the morning in count section 2 but did not diﬀer between times of day
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Figure 4.8: Variability of seabird occurrence during repeated surveys in the study area between
Büsum and Helgoland in August 2003. BHGU = Black-headed Gull, COGU = Common Gull,
LBBG = Lesser Black-backed Gull, HEGU = Herring Gull.
in count section 1. Next to the observed diﬀerences in numbers, all four gull species
showed also diﬀerences in behaviour between times of day (Fig. 4.10). Levels of associ-
ation with ﬁshing vessels were generally higher in the morning, higher in section 2 and
higher during ebb tide and in periods of low winds. Common Gulls however showed
highest values of association with vessels in the afternoon. Resting behaviour correlated
signiﬁcantly positive with high winds, ﬂood tide, count section 2 and increased in the
afternoon (Table 4.2).
Signiﬁcant diﬀerences between diﬀerent times of day were also evident for the distribution
of Black-legged Kittiwakes in the German Bight during the breeding season with low
numbers at sea in the early morning and late evening and high numbers in the middle
of the day (Figs. 4.11 and 4.12). According to the GAMs, the distribution pattern
of each time of day diﬀered signiﬁcantly from every other daytime. Density of birds
was inﬂuenced signiﬁcantly negative by distance from colony (F=41.69, p<0.0001) and
varied with time of day (F=12.30, p<0.0001, Fig. 4.12). Being constricted to the ultimate
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Figure 4.9: Spatially and temporally diﬀering area usage by gulls. Mean abundance of the
four most common gulls in count sections T1-T4 during repeated surveys between Büsum and
Helgoland in August 2003.
vicinity around the breeding colony in the morning, the main concentration area expands
with time of day, apparently reaching a maximum extent between 12 and 14 h UTC and
contracting again towards the evening (Fig. 4.11). Accordingly, highest mean densities
in the distance classes 40-60 km and 60-80 km were recorded for the period between 12
and 14 h UTC. However, mean density values in the nearest distance class 0-20 km were
highest throughout the day, reaching values of 1.8 individuals/km2.
4.4 Discussion
4.4.1 Methodology
To discuss the results presented it is important to evaluate whether we assessed represen-
tative data during the analysed surveys. Aerial surveys covered the main distribution
area of both Kittiwakes and Guillemots in the breeding season. However, to achieve a
survey route that could be covered within one day, it was not possible to extend surveys
to the maximum foraging distance of 80 km. Instead, maximum distance to the north of
the breeding colony reached by aerial surveys amounted to 60 km. Aerial surveys were
carried out above all between 7 and 13 h UTC. This implies (a) that distribution possi-
bly varied during the survey according to changing daytime and (b) that surveys took
place at least partly within the period of maximum extension of distribution (following
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Figure 4.10: Diﬀerences in (a) scavenging and (b) resting behaviour between morning and
afternoon of Black-headed Gull (BHGU), Common Gull (COGU), Lesser Black-backed Gull
(LBBG) and Herring Gull (HEGU) observed during repeated surveys between Büsum and
Helgoland in August 2003.
results above). However, single surveys were always carried out at the same time of the
day. Thus, we assume that comparisons between single surveys were not constrained
by the methodology applied. Another critical aspect concerns the spatial eﬀort. We
covered approximately 10% of the survey area. Some sections had to be excluded from
analyses due to unfavourable observation conditions. Nevertheless, the overall sampling
eﬀort was considered high so that the probability to correctly depict general distribution
patterns was high although smaller concentration areas may have been overlooked due
to transect layout.
Results of correlation of Kittiwake distribution with hydrographic parameters on 3 and
4 May 2006 were based on a very limited dataset of two days only in a spatially restricted
area. Consequently, variance can be assumed to be low. The GAM explained a relatively
high proportion of total variance but conﬁdence intervals were rather high (see Fig. 4.6).
Removing the data point of maximum density altered results pronouncedly (Figs. 4.6 and
4.7). In conclusion, the signiﬁcant eﬀects presented here rather have to be regarded as
tendencies implying potential interrelations. Nevertheless, our results ﬁt earlier studies
based on extensive datasets which also report a signiﬁcant positive eﬀect of fronts on
Kittiwake distribution (see below; chapter 2, page 13).
Ship-based surveys between Büsum and Helgoland covered a very limited proportion of
the total area only and thus were not suited to depict distribution patterns. The main
focus of this paper however was on temporal variability. The studied species, i.e. gulls
and terns, can be assumed to exhibit higher temporal variability in their occurrence than
other seabird species due to the fact that they are highly mobile opportunistic foragers.
Thus, the results presented can not fully be extrapolated to other seabird species which
spend most of their time swimming or which possess a more restricted prey spectrum.
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Moreover, most gulls also forage in terrestrial habitats and on mud ﬂats of the Wadden
Sea region. Thus, not only distribution but also numbers of gulls at sea vary with time.
Finally, the study took place in the post-breeding season, when birds are not bound
to the colony anymore but are able to roam freely. Moreover, migration has started,
possibly causing changes in numbers of birds. However, results of our study do not
refer to actively migrating individuals but rather focus on more or less stationary birds
foraging and resting in the area. Overall, our study represents a presumably extreme
situation of high variability due to the study period and the species studied. Moreover,
applying this method, no reliable information can be derived on changes in numbers of
Table 4.2: Results of GLMMs testing the inﬂuence of environmental parameters on the be-
haviour of the four most common gull species during repeated surveys in the study area be-
tween Büsum and Helgoland. Parameters inﬂuencing the response variable signiﬁcantly are
listed under predictors (level of signiﬁcance: 0.05). BHGU = Black-headed Gull, COGU =
Common Gull, LBBG = Lesser Black-backed Gull, HEGU = Herring Gull, vessel assoc = ves-
sel association, resting beh = resting behaviour, dtime = time of day (morning / afternoon),
tide = tidal stage (ebb tide / ﬂood tide), transect = count section (T1 / T2), wind = maximum
wind velocity recorded in m/s.
Species Response Predictors Random N N groups
variable eﬀect observations / days
All Vessel assoc Dtime+transect Day 3702 10
+tide+wind
BHGU Vessel assoc Transect+tide+ Day 832 10
wind
COGU Vessel assoc Dtime+transect Day 478 10
+tide+wind
LBBG Vessel assoc Dtime+wind Day 1190 10
HEGU Vessel assoc Dtime+transect Day 1202 10
+wind
All Resting beh Dtime+tide+ Day 3702 10
transect+wind
BHGU Resting beh Dtime+transect Day 832 10
COGU Resting beh Dtime+tide Day 478 10
LBBG Resting beh Transect+wind Day 1190 10
HEGU Resting beh Dtime+transect Day 1202 10
+tide+wind
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studied species due to our low spatial eﬀort. However, we were able to give information
on several aspects of variability in seabird distribution patterns. Thus, we (a) assessed
a possible order of magnitude of temporal variability in seabird distribution areas, (b)
depicted general shifts in concentration areas, i.e. changes in distribution patterns, with
time of day, and (c) identiﬁed environmental parameters causing and shaping variability
of seabird occurrence.
Inﬂuence of time of day on distribution of Kittiwakes was tested using a rather hetero-
geneous dataset characterised by eﬀorts varying spatially and temporally (Table 4.3).
Ideally, the same area should have been sampled repeatedly at all diﬀerent time periods
during one single day. However, a realisation of this method is possible neither by ship
nor by plane due to the large foraging area of breeding Kittiwakes. On the other hand,
bearing the present results on variability of Kittiwake distribution patterns at the order
of single days in mind, mean distribution patterns can be assumed to be less inﬂuenced
by singular events. Thus, being based upon a high number of diﬀerent survey days, the
dataset used might nevertheless produce reasonable results. Furthermore, we were not
able to distinguish between breeding and non-breeding individuals. Thus, distribution
patterns especially in the distant areas might have been inﬂuenced by birds not breeding
on Helgoland. However, bias presumably was low as breeding birds make up the major-
ity of numbers of Kittiwakes in summer during the breeding season (following Garthe et
al. 2007).
4.4.2 Scales of temporal variability
Distribution patterns of Black-legged Kittiwakes diﬀered signiﬁcantly in most cases be-
tween the diﬀerent phases of the breeding season indicating variability of distribution
patterns at the order of weeks. However, results from repeated speciﬁc surveys on the
following day emphasized high variability at the order of days. Thus, as surveys were
carried out on single days, variability at the order of weeks as found in this study might
in fact also represent variability at the order of days. In this context, it also has to be
Table 4.3: Survey eﬀort of long-term ship-based surveys (1990-2006, German Seabirds at Sea
database v5.07) within the four diﬀerent distance classes around the colony on Helgoland at
diﬀerent times of day. Eﬀort is given as the ratio between the sum of total survey area (including
repeated surveying of the same plots) and the area size covered by each distance class.
2-5 h 6-8 h 9-11 h 12-14 h 15-17 h 18-20 h
0-20 km 0.14 0.41 0.53 0.49 0.16 0.05
20-40 km 0.02 0.19 0.16 0.09 0.1 0.03
40-60 km 0.01 0.08 0.06 0.05 0.06 0.01
60-80 km 0.01 0.02 0.02 0.02 0.02 0.01
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noted that weeks do not represent biologically distinct time periods but might rather
be considered as multiples of days. The time period of one day on the other hand will
be reﬂected in most species' occurrence as the majority of seabirds exhibits diurnal pat-
terns in activity (e.g. Shealer 2002). Variability at a temporal scale ﬁner than one day
is caused by factors varying by hours or minutes such as tidal stage, wind speed and
direction.
4.4.3 Interspeciﬁc diﬀerences
The higher variability found in distribution patterns of Black-legged Kittiwakes com-
pared to Common Guillemots might result from the fact that Kittiwakes are strongly
associated with short-lived frontal structures (chapter 2, page 13). In contrast, Common
Guillemots are not restricted to prey patches at the sea surface but are able to use the
whole water column, i.e. a third dimension of their habitat. Thus, regarding only hor-
izontal distribution patterns, Kittiwakes are likely to exhibit a higher variability than
Common Guillemots which may e.g. alter their diving behaviour in response to diﬀering
food availability. Moreover, Kittiwakes mostly spend their at-sea time ﬂying (chapter 6,
page 89) and thus cover larger distances during a shorter time span. In contrast, Com-
mon Guillemots spend the majority of their at-sea time swimming (chapter 6, page 89).
Consequently, distribution patterns of Kittiwakes can vary at shorter intervals due to a
higher amount of travelling involved.
4.4.4 Inﬂuence of environmental parameters
The observed signiﬁcant variation of seabird distribution patterns at diﬀerent scales
could at least partly be explained by various environmental factors such as trawler abun-
dance, hydrographic parameters, wind speed, tidal stage and time of day. These factors
inﬂuence seabird occurrence in diﬀerent ways. Trawler abundance acts as a measure for
direct food availability with ﬁshing vessels representing an anthropogenic food source.
Hydrography and tide may inﬂuence abundance, distribution and behaviour of prey
species of seabirds in the south-eastern North Sea such as polychaetes (Esselink and
Zwarts 1989), crustaceans (Aagaard et al. 1995) and ﬁsh (Valenzuela et al. 1991, Thiel
et al. 1995). These factors thus act as indirect indicators of food availability. The cor-
relation of Kittiwakes with frontal structures in the German Bight has been recorded
earlier and is assumed to result from enhanced food availability at fronts due to physical
and biological mechanisms (chapter 2, page 13). Wind speed inﬂuences both mobility
of birds and food availability. Thus, medium wind speeds may reduce ﬂight costs (e.g.
Furness and Bryant 1996) while strong winds constrain ﬂight performance and thus
mobility (Woodcock 1940, Manikowski 1971). Moreover, strong winds reduce ﬁshing ac-
tivity (e.g. see results) and decrease natural food availability (Dunn 1973, Finney et al.
1999). Time of day may reﬂect food availability e.g. in case of prey species exhibiting
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Figure 4.11: Distribution patterns of Black-legged Kittiwakes in the German Bight in summer
(May-July) at diﬀerent times of day: 2-5 h (top left), 6-8 h (top right), 9-11 h (centre left),
12-14 h (centre right), 15-17 h (bottom left) and 18-20 h UTC (bottom right). The circle marks
the distance of 80 km around the colony on Helgoland, beyond which birds were considered
not to be related to the breeding colony. Data source: German Seabirds at Sea database 5.07
(ship-based surveys from 1990-2006).
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diel vertical migration such as zooplankton and ﬁsh (Hays 2003). However, the link
between time of day and seabird occurrence is additionally inﬂuenced by intrinsic fac-
tors such as the behaviour of breeding birds to spend the night at the colony. During
hours of darkness, Common Guillemots do not forage (Wanless et al. 1988) and Kitti-
wakes do not ﬂy (Daunt et al. 2002). While resting at sea during the night of the early
breeding season (May  mid of June), Kittiwakes spend the night at the colony during
chick-rearing (mid of June - mid of July, Glutz von Blotzheim and Bauer 1999). This
behaviour is reﬂected in varying distribution patterns studied at diﬀerent times of the
day during the breeding season (Fig. 4.11). As the distribution ranges furthest from the
colony during mid-day, one might conclude that the furthest areas represent especially
favourable foraging grounds that are only within reach of Helgoland breeding birds at
this time of day because of the long distance from the breeding colony. However, as-
suming that individuals leave the colony at dawn and travel at an average ﬂight speed
of 47 km/h (Pennycuick 1997), the maximum foraging range of 80 km can be reached
within less than two hours time, i.e. at approximately 4 h UTC and thus much earlier
than observed. A diﬀerent explanation could lie in prey availability varying with time of
day such that birds encounter favourable food availability at noon / early afternoon only.
However, this seems unlikely as most prey species of seabirds rather retreat out of reach
during daylight (Hays 2003). Large distances from the Helgoland colony reached during
12-14 h UTC however coincide with by far the highest numbers of birds at sea. Thus,
birds might simply spread over a larger area to avoid competition with conspeciﬁcs.
Our results correspond to other studies that found the early afternoon to be one of the
periods of high activity in breeding Kittiwakes (Glutz von Blotzheim and Bauer 1999).
However, the early morning, which is generally characterised by highest activity, did not
stand out in our study. Chick-rearing Kittiwakes equipped with data loggers showed
highest foraging activity and highest amounts of time at sea during the morning (≈8-
10 h UTC) and high values of colony attendance in the early afternoon (14-15 h UTC
Daunt et al. 2002).
Behaviour of Black-headed, Common, Lesser Black-backed and Herring Gulls diﬀering
with time of day can be explained by the fact that seabirds - like most birds - show
diurnal activity peaks and display e.g. intensiﬁed feeding early in the morning and late
in the afternoon (Bezzel and Prinzinger 1990). The fact that gulls occurred nearer to
shore in the afternoon might result from a movement to roosting aggregations at land,
where gulls mostly spend the nights outside the breeding season.
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Figure 4.12: GAM smoothing curve ﬁtted to partial eﬀects of an explanatory variable on density
of Black-legged Kittiwakes. Density is represented as a function of time of day. Dashed lines
represent 95% conﬁdence intervals around the main eﬀects. Maximum densities were recorded
between 12 h and 14 h UTC. Data source: German Seabirds at Sea database v5.07.
4.5 Conclusions
Temporal variability has been shown to be a major characteristic of seabird distribution
patterns. Some of the environmental factors inﬂuencing variability such as season, time
of day and tide are of a periodic nature. In contrast, wind speed, hydrography (which
is often inﬂuenced by wind speed and direction) and trawler abundance are shaped by a
variety of diﬀerent factors and are thus characterised by a more or less stochastic quality.
Thus, seabird distribution patterns undergo predictable as well as unpredictable tempo-
ral variation at ﬁne scales. Diﬀerences can be signiﬁcant, requiring the consideration
of temporal variability during the design and interpretation of surveys and ecological
assessments. Future studies have to proceed in identifying other sources of variability
and characterising relationships between seabird occurrence and environmental parame-
ters. Knowledge of these eﬀects can e.g. maximize survey eﬀectiveness with respect to
estimating numbers and trends by sampling during periods of lowest variability (Becker
et al. 1997a, Speckman et al. 2000) and would permit an improved interpretation of
survey results.
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Abstract
Seabird distribution patterns undergo distinct seasonal variations which are presumably
reﬂected in seasonally varying habitat choice of birds. Variations in habitat choice
are believed to be controlled by seasonally diﬀering demands of birds with respect to
resources and by variations in the availability of resources and thus habitat quality. In
the German Bight (south-eastern North Sea), habitat choice of several seabird species is
related to distinct hydrographic structures such as water masses and fronts. We analysed
temporal variation of habitat choice at the order of seasons and years by comparing
hydrographic aﬃnities of two dedicated summer cruises and one winter cruise. Several
seabird species showed a signiﬁcant preference for one of the two prevailing water masses
of the study area. While the results for a given season (here: late summer) did not
diﬀer between years, several aspects of seasonality of habitat choice were noted during
this study. No obvious contrasting preferences were revealed between diﬀerent seasons,
however strength of habitat choice varied. Strong habitat bonds were revealed both for
non-breeding birds and for birds experiencing spatial constraints. Thus, breeding Black-
legged Kittiwakes and ﬂightless Common Guillemots showed particularly strong habitat
bonds. These ﬁndings contradict the hypothesis of spatial constraints masking habitat
preferences. Diﬀerences in habitat preferences were believed to result from seasonal
variation in habitat quality, i.e. availability of resouces.
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5.1 Introduction
The main proximate factor controlling habitat choice of birds is believed to be availabil-
ity of speciﬁc resources (e.g. Bairlein 1996). However, both availability of resources and
demands of birds vary at temporal scales, e.g. at the level of seasons. Thus, breeding
grounds have to provide resources for reproduction (e.g. nesting sites) while winter-
ing grounds are chosen to enhance survival during the non-breeding period (Salewski
and Bruderer 2007). These diﬀering demands and varying availability of resources are
thought to cause observed distinct seasonal diﬀerences in habitat choice (Bezzel and
Prinzinger 1990). The marine environment which forms the main habitat for seabird
species is characterised by high variability at diﬀerent temporal and spatial scales. Re-
sources like marine prey stocks undergo distinct seasonal variation in availability. Sea-
sonal changes are particularly pronounced at higher latitudes with low to negligible
primary production in winter (Ashmole 1971). Moreover, the demands of seabirds with
respect to habitat resources diﬀer distinctly between breeding and non-breeding season.
In the breeding season, seabirds are central-place foragers (Orians and Pearson 1979)
bound to nesting sites at land whereas the entire non-breeding period is spent exclusively
at sea by the majority of species (Ainley 1980). These diﬀering spatial constraints are
expected to inﬂuence quality and strength of habitat aﬃnities of seabirds. On the one
hand, Shealer (2002) expects the categorisation of seabirds into costal, inshore, oﬀshore
or pelagic feeders to be valid only during the breeding season as during the rest of the
year birds are not bound to the vicinity of their colonies and thus are free to forage in a
wide area. In his eyes, the categories of costal, inshore, oﬀshore or pelagic are `artiﬁcial'
and not justiﬁed due to the pronounced opportunism of seabirds. On the other hand,
it is believed that the spatial constraints of seabirds during the breeding season do not
cause but rather mask actual habitat preferences, as distance to colony was shown to
have a marked inﬂuence on the distribution patterns of breeding seabirds (e.g. Garthe
1997).
In the German Bight, few of the regularly occurring seabird species can be termed truly
pelagic seabirds which do not return to land at night outside the breeding season (cf.
Furness and Monaghan 1987). Only Northern Fulmar Fulmarus glacialis, Northern Gan-
net Sula bassana, Black-legged Kittiwake Rissa tridactyla and Common Guillemot Uria
aalge represent pelagic species in the area. Apart from these species, the avifauna of the
German Bight is dominated by gulls and terns (Garthe et al. 1995). While some of these
species leave the North Sea in winter, Black-headed Gull Larus ridibundus, Common
Gull Larus canus, Herring Gull Larus argentatus and Great black-backed Gull Larus
marinus occur throughout the year in substantial numbers in the German Bight. How-
ever, the sea area of the German Bight is used diﬀerently within the diﬀerent seasons by
most seabird species. Thus, recent high eﬀorts in at-sea studies have revealed substantial
seasonal diﬀerences in mean distribution patterns of the common seabird species in the
German Bight (e.g. Garthe et al. 2004). The fact that seabird distributions undergo
temporal variation is widely recognised and related to variations in their marine habitat.
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Changes in species distribution consequently might be explained by analysing habitat
choice of seabirds, e.g. by correlating seabird density to physical and biological variables
(Ballance et al. 2006). In the German Bight, seabird distribution patterns have been re-
lated to distinct hydrographic structures such as water masses (Garthe 1997) and fronts
(Skov and Prins 2001, chapter 2, page 13 ). To analyse seasonality of habitat choice, we
compared hydrographic aﬃnities of all common species between two diﬀerent seasons,
winter and summer. In addition, we tested for interannual diﬀerences by analysing data
sets of two diﬀerent summers separately. Analyses were carried out for all species oc-
curring in substantial numbers throughout the year and thus included all of the above
mentioned species with the exception of Northern Gannets which were observed in low
numbers only. We expected habitat aﬃnities to vary between seasons in quality and
strength according to variation in availability of resources and according to expected
seasonally diﬀering demands.
5.2 Material and Methods
Data material To compare seabird distribution to hydrographic features, we carried
out ship-based seabird counts (see chapter 1.3.3, page 8) simultaneously along with
hydrographic measurements. Sea surface salinity and temperature were recorded once
per minute by a thermosalinograph at a depth of 4 m. Additionally, hydrographic
stations were carried out at intervals between 5 and 9 km. During hydrographic stations,
vertical proﬁles of temperature and salinity were obtained using CTD-casts. In addition,
water depth was assessed and water transparency was measured by use of a Secchi disk
(Pickard and Emery 1990, Aarup 2002). For the present study, we analysed data collected
during three cruises of the RV "Heincke" (formerly Biologische Anstalt Helgoland, at
present Alfred-Wegener-Institut Bremerhaven): an early winter cruise W (25 October -
02 November 1993, Table 5.1) and 2 summer cruises S1 (18 - 22 July 1994) and S2 (27
July - 06 August 1999).
Table 5.1: Details on the three cruises analysed. The number of hydrographic stations equals
the number of corresponding transect segments
Cruise Date Distance surveyed (km) No. of hydrographic stations
W Oct/Nov 1993 801.6 156
S1 July 1994 642.9 115
S2 Jul/Aug 1999 1779.7 192
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Characterisation of major habitat variables In addition to direct hydrographic mea-
surements, we derived indicators for characterising hydrographic structures such as strat-
iﬁcation and frontal activities. Horizontal gradients in temperature and salinity were de-
ﬁned as the diﬀerence between the start and end point of each counting interval. The av-
erage diﬀerence between consecutive sea surface hydrography measurements per minute
served as an indicator for temperature and salinity fronts, respectively. To assess ther-
mohaline stratiﬁcation, we calculated diﬀerences in salinity and temperature between
water surface and sea bottom. We then carried out Principal Component Analyses to
identify major habitat variables. Hydrographic parameters that did not meet the assump-
tion of a normal distribution (checked by visual inspection) were either transformed to
approach normal distribution or if the latter was not possible omitted from further anal-
yses. The results of corresponding standard measures and tests justiﬁed the application
of Principal Component Analyses for all three cruises (W: Kaiser-Meyer-Olkin measure
of sampling adequacy: 0.629, Bartlett's test of sphericity: χ2=493, df=21, p<0.001; S1:
Kaiser-Meyer-Olkin measure of sampling adequacy: 0.684, Bartlett's test of sphericity:
χ
2=855, df=36, p<0.001; S2: Kaiser-Meyer-Olkin measure of sampling adequacy: 0.714,
Bartlett's test of sphericity: χ2=1041, df=36, p<0.001; McGregor 1992). Only principal
components with eigenvalues > 1.0 were considered in subsequent analyses. Axes were
rotated orthogonally using the VARIMAX option (Backhaus et al. 1996) to facilitate
easy interpretation and to allow for independent results of the subsequent computations
of correlations between the derived principal components and the abundance of seabirds.
An otherwise existing dependency between principal components would complicate the
interpretation of correlation coeﬃcients between each of these factors and seabird occur-
rence.
Correlation of seabird occurrence with habitat variables The sampled transect
area was divided into separate counting intervals corresponding to the single hydro-
graphic stations. Each counting interval consisted of one transect segment prefacing the
corresponding hydrographic station and one segment following it. In the case of short
sampling distances between single hydrographic stations, the extension of each segment
corresponded to half of the distance between the hydrographic stations. Otherwise, seg-
ments were conﬁned to a maximum of 16 min sampling time following or prefacing the
hydrographic station to achieve that counting intervals were representative of the seabird
occurrence at the hydrographic station. Segments were excluded if they were temporar-
ily not attached to the hydrographic station. Bird density was calculated for counting
intervals covering an area from 2.6 to 11.0 km2 (average: 6.9 km2) around (i.e. prefacing
and following) the corresponding hydrographic station.
Samples of seabird abundance exhibited two major characteristics: they comprised many
zero density values violating the assumption of normality and furthermore, data points
were characterised by strong autocorrelation. However, autocorrelation could not be
quantiﬁed accurately due to the large number of zero values that complicated interpret-
ing the results of autocorrelation analyses. To account for non-independent data and
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Table 5.2: Results of Principal Component Analysis for cruise W (October/November 1993).
The loadings of the seven hydrographic parameters used for analysis on the ﬁrst two principal
components, derived from the correlation matrix and subsequent rotation, are shown. Rota-
tion method: Varimax with Kaiser normalisation. Eigenvalues and percentages of variation are
given for the two principal components. Bold faced values of loadings were used for interpreting
and characterising the components. SSS = sea surface salinity in psu; Depth = water depth in
m; Secchi = water transparency in m according to Secchi disk measurements; horiz. T-gradient
= horizontal temperature gradient in K; horiz. S-gradient = horizontal salinity gradient in psu;
T-fronts = indicator of temperature fronts; S-fronts = indicator of salinity fronts. Parameters
marked with an asterisk were transformed in order to approach a normal distribution. The pa-
rameters `vertical temperature gradient' and `vertical salinity gradient' were excluded from the
analysis because of violation of the normal distribution. See Methods for details of parameter
calculations
PC 1 PC 2
Eigenvalue 3.22 1.48
% of Variance explained 46.1 21.1
∑
67.2%
SSS -0.41 0.81
Depth -0.33 0.81
Secchi 0.23 0.74
horiz. T-gradient* 0.72 -0.27
horiz. S-gradient* 0.86 -0.04
T-fronts* 0.65 -0.08
S-fronts* 0.86 -0.08
distributions containing many zero values we used a permutation procedure. To keep the
major characteristics constant, the original data set was split up into alternating blocks
of cases comprising consecutive zero values and blocks of cases with a consecutive oc-
currence of birds. During permutation the position of each single block was randomised
while the alternating occurrence of `zero value' - blocks and blocks containing seabird
density values was kept constant. The sequence of cases containing seabird density values
was not altered within each block. Following this method all data sets (i.e. the original
data set and all of the permuted data sets) contained the same number of blocks, the
same seabird density values and within blocks of seabird occurrence the same sequence
of density values.
Correlation between each data set and each principal component derived from the
PCA of the hydrographic parameters was tested separately for the three cruises using
Spearman's Rank Correlation analyses. The proportion of absolute correlation coeﬃ-
cients greater than or equal to the absolute correlation coeﬃcient of the original data
corresponded to the p-value. The number of permutations was set to 1000, but was
elevated to 10,000 (or 100,000 respectively) in cases of p-values lying near 0.05 after the
ﬁrst computations. To correct for multiple testing we applied Fisher's Omnibus-Test
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separately for each principal component and its associated analyses of correlation. This
test combines a number of p-values into a single χ2-distributed variable with its degrees
of freedom equalling twice the number of p-values (Haccou and Meelis 1994).
Analyses of habitat aﬃnities were carried out for all common seabird species that oc-
curred in numbers enabling statistical analyses during all three cruises. A test using
log-transformed seabird density values revealed no major diﬀerences in results compared
to results of analysing absolute density values.
To visualise the relation between seabird distributions and the derived principal compo-
nents we developed ordinations of analysed seabird species on the basis of their correla-
tion coeﬃcients with the respective components for all three cruises.
Table 5.3: Results of Principal Component Analysis for cruise S1 (July 1994). The loadings
of the nine hydrographic parameters used for analysis on the ﬁrst two principal components,
derived from the correlation matrix and subsequent rotation, are shown. Rotation method:
Varimax with Kaiser normalisation. Eigenvalues and percentages of variation are given for the
three principal components. Bold faced values of loadings were used for interpretating and
characterising the components; italicised values were considered additionally. SSS = sea sur-
face salinity in psu; Depth = water depth in m; Secchi = water transparency in m according
to Secchi disk measurements; vert. T-gradient = vertical temperature gradient in K; vert. S-
gradient = vertical salinity gradient in psu; horiz. T-gradient = horizontal temperature gradient
in K; horiz. S-gradient = horizontal salinity gradient in psu; T-fronts = indicator of tempera-
ture fronts; S-fronts = indicator of salinity fronts. Parameters marked with an asterisk were
transformed in order to approach a normal distribution. See Methods for details of parameter
calculation
PC 1 PC 2 PC 3
Eigenvalue 3.98 2.19 1.17
% of Variance explained 44.2 24.3 13
∑
81.5%
SSS -0.23 0.93 -0.18
Depth -0.02 0.93 0.28
Secchi -0.62 0.60 -0.21
vert. T-gradient -0.05 0.56 0.79
vert. S-gradient* 0.24 -0.18 0.91
horiz. T-gradient* 0.85 0.00 -0.13
horiz. S-gradient* 0.69 -0.02 0.08
T-fronts* 0.82 -0.21 0.17
S-fronts* 0.83 -0.26 0.25
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5.3.1 Habitat characteristics
Two principal components with an eigenvalue >1.0 explained 67.2% of parameter vari-
ance for the winter cruise W (Table 5.2) and three principal components with an eigen-
value >1.0 explained 81.5% of parameter variance and 76.2%, respectively, for the sum-
mer cruises S1 (Table 5.3) and S2 (Table 5.4). All Principal Component Analyses stressed
the existence of diﬀerent water masses in the German Bight. The Continental Coast wa-
ter mass that prevails nearshore in shallow depths is characterised by low values of
salinity and transparency. In contrast, the Central North Sea water mass, that domi-
nates towards the deeper north-western part of the German Bight, shows high salinity,
high transparency and additionally thermal stratiﬁcation during the summer months
(Becker et al. 1983). Thus, the second principal component of cruise W and cruise S1
and the ﬁrst component of cruise S2 act as indicators for distance to coast as well as for
Table 5.4: Results of Principal Component Analysis for cruise S2 (July/August 1999). The
loadings of the nine hydrographic parameters used for analysis on the ﬁrst two principal com-
ponents, derived from the correlation matrix and subsequent rotation, are shown. Rotation
method: Varimax with Kaiser normalisation. Eigenvalues and percentages of variation are
given for the three principal components. Bold faced values of loadings were used for interpre-
tating and characterising the components. SSS = sea surface salinity in psu; Depth = water
depth in m; Secchi = water transparency in m according to Secchi disk measurements; vert. T-
gradient = vertical temperature gradient in K; vert. S-gradient = vertical salinity gradient in
psu; horiz. T-gradient = horizontal temperature gradient in K; horiz. S-gradient = horizontal
salinity gradient in psu; T-fronts = indicator of temperature fronts; S-fronts = indicator of
salinity fronts. Parameters marked with an asterisk were transformed in order to approach a
normal distribution. See Methods for details of parameter calculation.
PC 1 PC 2 PC 3
Eigenvalue 3.62 1.78 1.46
% of Variance explained 40.3 19.7 16.2
∑
76.2%
SSS 0.91 -0.23 -0.04
Depth 0.96 -0.03 -0.01
Secchi 0.90 -0.15 0.03
vert. T-gradient* 0.87 0.15 0.13
vert. S-gradient* 0.23 0.63 -0.09
horiz. T-gradient -0.09 -0.04 -0.88
horiz. S-gradient -0.01 0.00 0.89
T-fronts* -0.17 0.73 0.23
S-fronts* -0.30 0.83 -0.04
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the two diﬀerent water masses. High positive values of these components represent the
Central North Sea water mass, plus increasing distance from land, while high negative
values indicate presence of the Continental Coast water mass and vicinity of the coast.
While thermal stratiﬁcation (high values of vertical temperature gradient) is incorpo-
rated in the water mass gradient (PC 1) in cruise S2 (Table 6 5.4), it acts as a separate
component, cleared for eﬀects of water mass and distance from land, in results of cruise
S1 (PC 3 in Table 5.3). Furthermore, areas of frontal activity resulting from diﬀerent
mechanisms represented important hydrographic structures during all cruises analysed.
The ﬁrst principal component derived in the analysis of cruise W combines gradients
and fronts with high negative loadings of the two factors signalling growing distance
to coast, sea surface salinity and water depth (Table 5.2). Therefore, it is regarded as
an indicator for the estuarine areas near the coast, where low saline and in the winter
months cold river run-oﬀ meets the warmer high saline Central North Sea water mass,
thereby producing strong gradients and fronts in temperature and salinity. Regarding
cruise S1, the ﬁrst principal component combines high positive loadings of all indicators
for temperature and salinity gradients and fronts with high negative loading of water
transparency according to Secchi disk measurements (Table 5.3). Low loadings of sea
surface salinity and water depth signal that this component is not inﬂuenced by distance
to land. In conclusion, the ﬁrst component of S1 most likely represents an upwelling re-
gion attached to the post-glacial river Elbe valley with its adjacent fronts, but could also
be an indicator for the Elbe river plume. The latter is well described by the second prin-
cipal component derived in the analysis of cruise S2, combining temperature and salinity
fronts with haline stratiﬁcation. No interpretation could be derived for component 3 of
cruise S2 that combines high positive loading of horizontal salinity gradients with a high
negative loading of horizontal temperature gradients (Table 5.4).
5.3.2 Water mass aﬃnities of seabirds
Several seabird species of the German Bight showed a signiﬁcant preference for one
of the two prevailing water masses (Tables 5.5, 5.6 and 5.7, Fig. 5.1). The nearshore
dominating Continental Coast water mass of low salinity and high turbidity was the
preferred habitat of Common Gulls. On the other hand, Northern Fulmars, Black-legged
Kittiwakes (during early winter cruise W) and Common Guillemots (during both summer
cruises) were signiﬁcantly associated with the high saline Central North Sea water mass
of high transparency, that becomes dominant in the deeper north-western part of the
study area.
While the results for a given season (here: late summer) did not diﬀer between years,
several aspects of seasonality of habitat choice were noted during this study (Tables 5.5,
5.6 and 5.7, Fig. 5.1). Most important, no obvious contrasting preferences were revealed
between diﬀerent seasons. E.g., Northern Fulmars always showed a strong signiﬁcant
preference for the Central North Sea water mass. Common Gulls showed a likewise
strong preference for the Continental Coast water mass as they displayed the same
78
5.3 Results
negative correlation with the component acting as land-sea and water mass gradient for
all 3 cruises. Habitat preferences of Common Gulls and Kittiwakes were stronger in
early winter while Northern Fulmar and Common Guillemot showed strongest habitat
associations in summer. In this context, it is essential to note that the observed patterns
of both species were shaped by individuals that were not bound to the breeding colony
(anymore). Common Guillemots had already left the colony at the time of the summer
cruises and the majority of Northern Fulmars in the German Bight during summer is
generally made up by non-breeders (following Garthe et al. 2007 and breeding numbers
according to O. Hüppop, pers. comm.). Kittiwakes and Herring Gulls showed a higher
association with the Central North Sea water mass in winter as compared to summer.
Thus, the majority of Kittiwakes was distributed in areas of median salinity during both
summer cruises. Common Gulls, Northern Fulmars and Common Guillemots however
occurred in comparatively higher proportions in the Continental Coast water mass in
winter than during summer.
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Table 5.5: Spearman's Rank Correlations between the distribution of selected seabird species and the two principal components
derived from Principal Component Analysis (see Table 5.2) for cruise W in October/November 1993. To account for non-independent
data and distributions containing many zero values we used a permutation procedure to calculate adequate p-values for all correlation
coeﬃcients (see Methods for more details). nPerm = number of Permutations. Bold values show signiﬁcant correlations; trends
are indicated by italicised values. To correct for multiple testing we applied Fisher's Omnibus-Test separately for each principal
component.
Component 1 Component 2
Indicator of estuarine water body Indicator of
with temperature / salinity Central North Sea water mass
gradients and fronts and distance to land
rs p nPerm rs p nPerm
Northern Fulmar -0.152 0.094 10000 0.22 0.011 1000
Black-headed Gull 0.032 0.741 1000 -0.126 0.127 1000
Common Gull 0.048 0.603 1000 -0.364 0.001 1000
Herring Gull 0.097 0.258 1000 0.081 0.424 1000
Great Black-backed Gull 0.134 0.139 1000 0.107 0.321 1000
Black-legged Kittiwake -0.071 0.438 1000 0.19 0.042 10000
Common Guillemot 0.038 0.684 1000 0.133 0.213 1000
Fisher's Omnibustest 0.35 0.0002
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Table 5.6: Spearman's Rank Correlations between the distribution of selected seabird species and the three principal components
derived from Principal Component Analysis (see Table 5.3) for cruise S1 in July 1994. To account for non-independent data
and distributions containing many zero values we used a permutation procedure to calculate adequate p-values for all correlation
coeﬃcients (see Methods for more details). nPerm = number of Permutations. Bold values show signiﬁcant correlations; trends
are indicated by italicised values. To correct for multiple testing we applied Fisher's Omnibus-Test separately for each principal
component.
Component 1 Component 2 Component 3
Elbe river plume / Indicator of
Upwelling Central North Sea water mass Stratiﬁcation
and distance to land
rs p nPerm rs p nPerm rs p nPerm
Northern Fulmar -0.331 0.052 100000 0.495 0.004 1000 -0.074 0.88 1000
Black-headed Gull 0.023 0.833 1000 -0.114 0.224 1000 -0.072 0.443 1000
Common Gull 0.276 0.139 1000 -0.387 0.011 1000 -0.172 0.374 1000
Herring Gull 0.081 0.514 1000 -0.266 0.074 10000 -0.173 0.246 1000
Great Black-backed Gull 0.26 0.037 1000 -0.09 0.589 1000 -0.195 0.153 1000
Black-legged Kittiwake 0.256 0.039 10000 0.132 0.424 1000 0.027 0.833 1000
Common Guillemot -0.055 0.633 1000 0.261 0.036 1000 -0.026 0.844 1000
Fisher's Omnibustest 0.03 0.0006 0.67
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Table 5.7: Spearman's Rank Correlations between the distribution of selected seabird species and the three principal components
derived from Principal Component Analysis (see Table 5.4) for cruise S2 in July/August 1999. To account for non-independent data
and distributions containing many zero values we used a permutation procedure to calculate adequate p-values for all correlation
coeﬃcients (see Methods for more details). nPerm = number of Permutations. Bold values show signiﬁcant correlations. To correct
for multiple testing we applied Fisher's Omnibus-Test separately for each principal component
Component 1 Component 2 Component 3
Indicator of Elbe river plume Salinity fronts
Central North Sea water mass and adjacent fronts in an area of
and distance to land stable temperatures
rs p nPerm rs p nPerm rs p nPerm
Northern Fulmar 0.551 0.001 1000 -0.184 0.104 1000 -0.003 0.981 1000
Black-headed Gull -0.11 0.118 1000 -0.046 0.539 1000 0.083 0.241 1000
Common Gull -0.314 0.007 1000 -0.011 0.918 1000 -0.055 0.536 1000
Herring Gull -0.135 0.187 1000 -0.06 0.544 1000 -0.059 0.406 1000
Great Black-backed Gull 0.051 0.548 1000 0.011 0.893 1000 -0.039 0.587 1000
Black-legged Kittiwake -0.086 0.503 1000 0.296 0.006 1000 0.188 0.043 10000
Common Guillemot 0.423 0.001 1000 -0.093 0.383 1000 -0.014 0.847 1000
Fisher's Omnibustest <0.0001 0.15 0.48
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5.4.1 Data quality
In the study area, a low number of dedicated cruises combining data on seabird occur-
rence and hydrography comprises a data volume as extensive as presented here. Thus,
the cruises analysed in this study oﬀer an exceptionally good opportunity to derive gen-
eral results on habitat choice of seabirds. However, results from other, shorter research
cruises support the ﬁndings presented here.
5.4.2 Water mass aﬃnities of seabirds
The diﬀering preferences of seabird species for certain water masses are likely to be
explained by the diﬀerent origin of these water bodies and their distinct physical and
chemical conditions resulting in diﬀering biological characteristics.
Several authors speak of diﬀerent food webs prevailing in the diﬀerent water masses. Ac-
cording to (Joiris 1978, 1983), the Atlantic water hosts a complete food web consisting
of the chain phytoplankton  zooplankton  pelagic ﬁsh  seabirds while primary pro-
duction in the coastal North Sea water is largely consumed by bacteria (80%) and only
a small part (20%) is consumed by zooplankton, resulting in comparatively low stocks
of pelagic ﬁsh and seabirds. Similarly, Fransz et al. (1991) stated that the majority of
primary production in shallow North Sea areas is transferred directly to the benthos. It
is most likely that the assumed diﬀerences result not only in diﬀerent overall quantity
of prey but also in diﬀerent prey types, sizes and qualities. Thus it was e.g. shown that
Atlantic waters host the largest species of zooplankton while the smallest occur in coastal
waters (Hansen 1979, Fransz et al. 1991), a relationship that was similarly revealed in
the Northern Bering Sea (Elphick and Hunt 1993). This fact gives a reasonable expla-
nation for the preference of Northern Fulmars for the Central North Sea water mass in
the German Bight, which shows the strongest inﬂuence of Atlantic waters in this area.
The Fulmar which feeds amongst others on zooplankton should select for bigger prey in
order to gain most proﬁtable foraging results as has been shown for other seabird species
feeding on zooplankton (Vermeer et al. 1987). Thus the Central North Sea water mass
likely provides better foraging opportunities for seabirds as well as ﬁsh species depending
on larger zooplankters.
The coastal zone of the German Bight is in contrast strongly inﬂuenced by the pres-
ence of the Wadden Sea area and several larger estuaries, which have various biological
functions. Both the Wadden Sea and estuaries are important feeding grounds and nurs-
ery areas for juvenile ﬁshes and also act as spawning sites and important migration
areas (Dankers et al. 1983b, Vorberg and Breckling 1999, Elliot and Hemingway 2002).
With high densities especially of young ﬁsh and ﬁsh larvae prevailing in the coastal areas
(Dankers et al. 1983b, Vorberg and Breckling 1999), the Continental Coast water mass
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Figure 5.1: Ordination of seabird species on the basis of their correlation coeﬃcients with
principal components 1 and 2 from Tables 5.2, 5.3 and 5.4, respectively, for cruise W in Oct/Nov
1993 (a), cruise S1 in July 1994 (b) and cruise S2 in Jul/Aug 1999 (c). For levels of signiﬁcance
see Tables 5.5, 5.6 and 5.7. BHGU = Black-headed Gull, BLKI = Black-legged Kittiwake,
COGU = Common Gull, GBBG = Great Black-backed Gull, GUIL = Common Guillemot,
HEGU = Herring Gull, NOFU = Northern Fulmar
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hence also hosts an important type of prey for seabirds in high numbers. Both water
masses consequently oﬀer potentially good feeding grounds for many seabirds but diﬀer
in quantity and quality of available prey and food web structure.
A physical eﬀect of water clarity on seabird distribution as proposed by Ainley (1977)
could not be observed in the present study. Following Ainley's hypothesis, pursuit div-
ing species should favour turbid waters that allow a closer approach to the prey. In our
study, the pursuit diving Common Guillemots clearly showed no preference for turbid
waters but actually favoured areas of high transparency during summer.
5.4.3 Seasonality of habitat choice
Two distinct mechanisms might be responsible for the observed seasonality of habitat
choice that is likely to be reﬂected also in seasonal diﬀerences in diet as have been de-
scribed e.g. for Northern Fulmars (Phillips et al. 1999) and Common Guillemots (Blake
et al. 1985, Ainley et al. 1996). First, variation in habitat choice can be caused by
seasonally diﬀering demands. Thus, breeding seabirds are spatially restricted to the sea
area in the vicinity of the breeding colony during summer but are able to roam freely
during the rest of the year. In this study, strongest water mass aﬃnities were revealed for
non-breeding birds. However, breeding Kittiwakes showed strong associations to small
scale hydrographic structures. Moreover, particularly strong habitat aﬃnities of Com-
mon Guillemots were revealed in late summer. Both summer cruises coincided with the
period of moulting and chick-guarding in Common Guillemots. Thus, Guillemots were
ﬂightless during the summer studies (see also chapter 6). It can be expected that birds
stayed within favourable feeding areas due to their low mobility. Consequently, spatial
constraints led to a particularly strong habitat bond in this species.
Secondly, variation in habitat choice might result from diﬀerences in habitat quality,
i.e. in the availability of resources and in temperature and weather conditions. A dis-
tinct seasonality can be observed at diﬀerent levels of the environment. The North Sea
exhibits a seasonally varying distribution of water masses showing a retreat of Atlantic
water to the North and a bigger extension of coastal water during summer (Otto et al.
1990, Fransz et al. 1991), probably triggered by the precipitation over the European
continent and thus river runoﬀ that reaches highest intensity during the summer months
(Otto et al. 1990). Moreover, the diﬀerent seasons are characterised by diﬀering temper-
ature, wind stress, solar activity and nutrient availability (Körner and Weichart 1992,
BSH 1994, Loewe et al. 2003) leading to the observed distinct seasonal variation in abun-
dance and distribution of phytoplankton and zooplankton (Krause and Martens 1990,
Fransz et al. 1991, Poremba et al. 1999).
Though biological activity during winter is generally low, the German Bight seems to
be an area of relatively high productivity in the North Sea. While zooplankton species
of the northern North Sea migrate into deeper water and enter a torpid period, many
southern species keep on feeding and reproducing throughout the winter months and thus
show a less distinct seasonality (Broekhuizen and McKenzie 1995). In accordance, by
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far the highest numbers of copepods in the North Sea can then be found in the German
Bight (Fransz et al. 1991). During winter studies, densities of phytoplankton as well as
zooplankton communities were twice as high in the coastal mixed water compared to the
North Sea water (Hesse et al. 1989a), and centres of high biomass were located oﬀ the
mouth of the rivers Weser and Elbe (Krause and Martens 1990). Moreover, according to
Fransz et al. (1991), the Continental Coast water mass hosts species that are of consid-
erable size or of particular importance as prey species for ﬁshes (that themselves make
up suitable prey for seabirds). It is possible that these characteristics of prey quantity
and quality favour the stronger use of the Continental Coast water mass by Northern
Fulmars and Common Guillemots during winter.
Northern Fulmars could also take advantage of higher mean wind velocities during winter
that allow them to extend their foraging ranges without investing too much energy (cf.
Furness and Bryant 1996). Furthermore, it is likely that the association between North-
ern Fulmars and the Central North Sea water mass is stronger during summer due to the
then existing thermal stratiﬁcation. Stratiﬁcation improves feeding conditions of plank-
tivores like Fulmars through an increased density of plankton biomass due to individuals
aggregating at the thermocline (Hunt 1990). On the other hand, Common Guillemots
as piscivorous pursuit divers may take advantage of the colder water temperatures of
the Continental Coast water mass in winter. As temperature inﬂuences both the physi-
ology of ﬁshes and the physics of the water ﬂow and thus has a strong inﬂuence on the
swimming performance of ﬁshes (e.g. Hunt von Herbing 2002), pursuit diving seabirds
might beneﬁt from lower reaction rates and swimming speeds of exotherm ﬁshes in cold
water areas (Montevecchi 1993).
The result of the Herring Gull showing a stronger aﬃliation with the Central North Sea
water mass in winter is in accordance with observations of this species' higher densities
in the oﬀshore areas during the winter months (Camphuysen et al. 1995, Stone et al.
1995) and is probably linked to the observed stronger use of food gained from ﬁshing
trawlers (Camphuysen et al. 1995). The preference of Black-legged Kittiwakes for the
Central North Sea water mass in winter could rely on the same relationship, as this
species also makes higher use of discard and oﬀal during winter (Garthe 1999). On the
other hand, Kittiwakes are known as truly marine seabirds and thus, it is not so much
the observed winter habitat preference that needs explanation but the concentration of
this species in medium saline waters not far from the coast during the summer months.
Vicinity to the breeding colony is not regarded as the main shaping factor in this context,
as Black-legged Kittiwakes exhibit maximum foraging ranges of approximately 80 km
(Camphuysen 2005) that easily allow them to reach areas of the Central North Sea water
mass. However, the distribution pattern was shown to be linked to the occurrence of
ephemeral structures such as fronts (see chapter 2). It is known that thermal stratiﬁ-
cation occurs only during the summer months but no information was available on the
frequency of occurrence of upwellings and the importance of river plume fronts in diﬀerent
seasons. It might be speculated that these ephemeral structures have a higher inﬂuence
on biological mechanisms during summer as biological activity is generally higher in this
period and thus presumably more sensitive to disturbance or alterations.
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5.4.4 Conclusions
A temporal variation of habitat aﬃnities was revealed between summer and winter.
Driving forces of this temporal variation were believed to result from seasonal variation
in habitat quality and seasonally diﬀering demands of birds. While some species showed
a higher strength of habitat aﬃnities in early winter, other species exhibited stronger
habitat preferences in summer. Particularly strong habitat bonds were found for breeding
Kittiwakes and ﬂightless Common Guillemots, i.e. birds experiencing spatial constraints.
These ﬁndings contradict the hypothesis that spatial constraints of seabirds mask actual
habitat preferences. Non-breeding birds however showed distinct habitat preferences,
too. These ﬁndings contradict Shealer's (2002) hypothesis that habitat preferences are
caused by spatial constraints only.
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Abstract
We assessed seasonal diﬀerences in at-sea activity of Lesser Black-backed Gulls Larus
fuscus, Black-legged Kittiwakes Rissa tridactyla and Common Guillemots Uria aalge
in the south-eastern North Sea by analysing long-term data of aerial and ship-based
surveys. We diﬀerentiated between active (ﬂying or scavenging at ﬁshing vessels) and
inactive behaviour (swimming). This method was considered appropriate for surface
feeding seabirds like both gull species but was assumed to produce less pronounced results
for Guillemots which are mostly engaged in active foraging behaviour while swimming.
Next to estimating activity budgets of all species for the diﬀerent seasons, we tested for
diﬀerences between age classes and for long-term trends in activity during the breeding
season. All species and most age classes exhibited seasonal diﬀerences in activity. Adults
of both gull species showed highest levels of activity during the breeding season while
immature gulls did not exhibit seasonal diﬀerences in activity or exhibited highest levels
of activity in winter. Adult but not immature Lesser Black-backed Gulls showed highest
levels of vessel association during the breeding season. Common Guillemots also showed
signiﬁcantly higher proportions of ﬂying individuals in summer, whilst numbers of ﬂying
auks were exceptionally low in autumn due to moult and guarding of not-yet ﬂedged
chicks at sea. The proportion of ﬂying individuals of Lesser Black-backed Gulls and
Black-legged Kittiwakes in the breeding season increased signiﬁcantly over the three
periods 1990-1995, 1996-2000 and 2001-2006 as did the proportion of vessel association
of adult Lesser Black-backed Gulls. Our results underlined the high energetic demands of
the breeding season that lead to increased foraging and travelling activity. In addition,
trend analyses imply an increase in foraging eﬀorts from the late 1990s onwards that
corresponds to strong increases in breeding numbers and might thus be explained by
higher levels of intraspeciﬁc competition. Furthermore, ecosystem changes might have
caused reduced food availability.
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6.1 Introduction
Activity budgets, in combination with knowledge of energetic costs, provide information
on resource allocation of seabirds (Goldstein 1990). They may thus be used as indicators
of food availability (Cairns 1987) and provide a basis for ecological energetics models
(Tasker and Furness 1996). However, information on activity of seabirds at sea is still
scarce although the sea represents the major feeding habitat for seabirds and their ex-
clusive habitat outside the breeding season. Data logger studies have started to ﬁll this
gap in our knowledge (e.g. Benvenuti et al. 2001, Garthe et al. 2003a, Ropert-Coudert
et al. 2004) but usually sample sizes are low and studies have so far mostly covered
temporally restricted periods at the order of hours or days. Both interannual variability
of extrinsic parameters and individual diﬀerences though may signiﬁcantly inﬂuence the
level of reproductive costs in the breeding season and thus necessitate multi-year compar-
isons (Golet and Irons 1999). Moreover, logger studies mostly deal with breeding birds
due to the need of recatching birds for the detachment of loggers. Due to technological
constraints, only few studies focusing on activity of birds so far took place during the
non-breeding season (e.g. Daunt et al. 2006) or concerned non-breeding birds (but see
`Outlook'). However, activity budgets of breeding and non-breeding birds are assumed
to diﬀer. Bioenergetics models covering the whole year generally extrapolate data of
breeding birds and are thus likely to overestimate energy requirements of seabirds (Ellis
and Gabrielsen 2002). Hence, data on activity of non-breeding birds and on activity out-
side the breeding season are needed to minimise errors in bioenergetics models. Thus,
to our knowledge, no information on long-term trends of at-sea activity budgets was so
far made available in the course of these studies.
So far, data on seabird occurrence and behaviour collected in the course of surveys at sea
has seldom been used to gain information on activity of seabirds (but see Camphuysen
1998). At-sea surveys of seabird abundance though have been carried out in many sea
areas over the world and studies often cover several decades. In the south-eastern North
Sea, the German Bight, Seabirds at Sea surveys have been carried out by ship and
plane since 1990 and 2002, respectively, following internationally standardised methods.
Surveys took place throughout the year and activity of seabirds was recorded at least
by diﬀerentiating between swimming and ﬂying behaviour. For the present analysis, we
thus assessed activity of selected species in all four seasons on the basis of their behaviour
as recorded during aerial and ship-based surveys.
The null-hypothesis implies no diﬀerences between activity levels of diﬀerent seasons
and between activity budgets of birds of diﬀerent status (age, breeding/non-breeding).
However, we expect elevated activity levels in the breeding season as parent birds need
to maintain self-provisioning and additionally have to raise their young by commuting
between the colony and often remote foraging areas at sea (Ricklefs 1984). During at-
sea surveys, it is diﬃcult to gain information on the breeding status of birds unless they
are observed carrying prey in direction of the colony. To get a reasonable indication
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of the diﬀerences in activity between breeders and non-breeders in the breeding season,
we distinguished between immature birds which can be equated with non-breeders and
birds in adult plumage that primarily comprise breeding birds. Next to the breeding
period, winter is expected to impose highest energetic costs due to low food availabil-
ity, harsh climatic conditions and short day lengths (Daunt et al. 2006). Conditions
are presumably more severe for immature seabirds that exhibit lower foraging abilities
than adults (Burger 1987). Ship-based surveys in the study area comprise data of 17
years, enabling analyses of long-term trends in activity. In the last years, the situation
of breeding seabirds in parts of the North Sea changed dramatically taking a turn to
the worse, apparently due to ecosystem changes. Low breeding numbers and extraordi-
narily low breeding success connected to low food availability and low food quality were
recorded especially in the northern North Sea (Frederiksen et al. 2004, Mavor et al. 2005,
ICES-WGSE 2006). No such breeding failures or declines in breeding numbers have been
registered for truly marine seabirds in the study area so far (O. Hüppop, pers. comm.,
ICES-WGSE 2006) although ecosystem changes have taken place in the German Bight
as well (Wiltshire and Manly 2004). Instead, the breeding numbers of Black-legged Kit-
tiwakes Rissa tridactyla at Helgoland have doubled since 1990 (chapter 3) and numbers
of Lesser Black-backed Gulls Larus fuscus even increased by factor 10 (following Garthe
et al. 2000, Koﬃjberg et al. 2006). The size of breeding populations has been shown to
correlate positively with foraging trip duration of breeding birds (Ashmole 1963, Lewis
et al. 2001), presumably due to local prey depletion (Ashmole 1963, Birt et al. 1987)
or prey disturbance (Lewis et al. 2001). Thus, we expect increasing activity levels with
growing population size for both gull species due to higher intra-speciﬁc competition
evoking increasing foraging eﬀorts. However, no such trend is expected for the Common
Guillemot which exhibited relatively stable breeding numbers throughout the study pe-
riod (O. Hüppop, pers. comm.).
Our study aims to assess reasonable indications of time-activity budgets of selected
species for each season in the study area. Furthermore, we focus on diﬀerences in activity
between birds of diﬀerent age and breeding status and on diﬀerences in activity over time.
In this context, we formulated the following speciﬁc hypotheses:
(1) Due to the high energetic demands of the breeding season, we expect a higher amount
of actively foraging or travelling birds during the breeding season compared to the
other seasons.
(2) In contrast to adult birds, immatures should not meet higher energetic demands
during the breeding period as they are not engaged in breeding behaviour.
(3) Instead, immature birds are likely to face an energetic bottleneck during winter and
thus are expected to show highest activity during this season.
(4) Diﬀerences in activity are expected to turn out less pronounced in diving species
like alcids due to low proportions of resting behaviour while swimming (following
Tremblay et al. 2003). Thus, activity can not be expressed properly by merely
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considering the behaviour `ﬂying'. Nevertheless, the proportion of ﬂying behaviour
should be higher due to breeding birds commuting to and from the colony.
(5) We expect an increase in activity levels of breeding birds over the last years due
to strong increases in breeding numbers of several species presumably resulting in
higher intraspeciﬁc competition.
6.2 Material and Methods
Studies were carried out in the German Bight which is deﬁned here as the area between
53◦ 21' and 55◦ 01' N and 05◦ to 09◦ E in the south-eastern North Sea. Only breeding
species of the study area which forage virtually exclusively at sea were considered appro-
priate for the analyses. Northern Gannet Sula bassana and Northern Fulmar Fulmarus
glacialis meet this criterium but their breeding population comprises an insigniﬁcant
share of the total numbers in summer in the German Bight due to large numbers of
non-breeding indivduals (following Garthe et al. 2007 and breeding numbers according
to O. Hüppop, pers. comm.). Thus, only Lesser Black-backed Gull, Common Guillemot
Uria aalge (hereafter `Guillemot') and Black-legged Kittiwake (hereafter `Kittiwake'),
whose breeding populations comprised 50% or more of the total summer populations
respectively (following Garthe et al. 2007 and breeding numbers according to Koﬃjberg
et al. 2006 and O. Hüppop, pers. comm.), were considered appropriate for the study.
While the latter two occupy a single breeding colony on the small oﬀshore island Hel-
goland in the study area, Lesser Black-backed Gulls breed in several large colonies along
the coast line.
Seabirds at Sea data Data on seabird occurrence has been recorded by seabirds at sea
counts in the German Bight since 1990 during ship-based surveys and since 2002 during
aerial surveys. Aerial and ship-based surveys followed the internationally standardised
methods described in chapter 1.3.3, page 8. Both survey methods included the recording
of information on vessel association of species feeding on discard and oﬀal. Distance
correction to data from ship-based studies (see chapter 1.3.3, page 8) was applied in the
same way to all diﬀerent seasons and diﬀerent age classes. Thus, comparisons of activity
between seasons and age classes were not constrained.
Aerial surveys sampled a total area of circa 24,600 km2 while ship-based surveys covered
an area of more than 28,000 km2. Aerial surveys were carried out in recent years only,
covering large sampling areas during single surveys. Ship-based surveys comprise a longer
period and thus a higher number of years. However, single ship-based surveys mostly
covered only small fractions of the study area. Ship-based surveys took place at diﬀerent
times of day or covered longer periods of single days, respectively, while aerial surveys
were mostly restricted to the late morning and noon (Table 6.1). Thus, data from aerial
surveys are more homogeneous with respect to spatial and temporal eﬀort compared to
ship-based surveys. Ship-based surveys though oﬀer data over a longer period of time and
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a higher data quality due to better observation and identiﬁcation conditions. In contrast
to aerial surveys, it is e.g. possible to identify age classes on the basis of the respective
plumages. Immature Common Guillemots however can not be identiﬁed properly at
sea once they are fully grown and thus can not be recognised by size-diﬀerences. By
applying the ratio of adult to immature birds recorded in ship-based surveys (86:14%
for Lesser Black-backed Gulls and 90:10% for Kittiwakes) to aerial surveys, results of
all birds from aerial surveys can be assumed to mirror the situation of adult birds of
both species. Due to identiﬁcation diﬃculties during aerial surveys, we combined data of
Guillemot, Razorbill Alca torda and `Razormot' (Common Guillemot/Razorbill) to get
an indication of activity budgets of Guillemots. This group is termed as Razormots in the
following. We considered this method appropriate as breeding numbers of Razorbills are
very low compared to numbers of Guillemots (18 compared to 2655 apparently occupied
nests (AON) in 2006, O. Hüppop, pers. comm.). Razorbill numbers comprise less than
5% of Guillemot numbers in the German North Sea during spring, summer and autumn.
During winter they make up a share of about 23% compared to numbers of Guillemots
(following Garthe et al. 2007). However, we assumed that activity budgets of wintering
Razorbills and Guillemots do not diﬀer signiﬁcantly, and are thus conﬁdent that the
combined data set produces representative results for the Guillemot population of the
study area. To compensate for the inconspicuousness of swimming auks at sea especially
during rough conditions, we only included data of relatively calm conditions (sea state<5
for ship-based surveys and sea state<4 for aerial surveys).
To test our hypotheses, we analysed data from aerial surveys to get a general picture
of the seasonality of activity budgets in recent years and further on analysed data from
ship-based surveys to test diﬀerences between adult and immature birds and to check
for possible trends in activity levels.
6.2.1 Seasonal diﬀerences in activity
We assessed activity of selected species in all four seasons by distinguishing between
ﬂying and swimming individuals and between individuals associated with vessels and
those that were not. For the interpretation of our results, we took the proportion of
individuals exhibiting a speciﬁc behaviour as an indicator for the proportion of time
being spent with this behaviour of the respective species in the studied season to get
an indication of time-activity budgets (instantaneous sampling, Altmann 1974). We
considered ﬂying behaviour and vessel-association to be active (foraging) behaviour. This
classiﬁcation is regarded appropriate in particular for seabirds that forage mainly at the
sea surface like gulls and terns and mostly sit on the water surface during resting. Seasons
were classiﬁed for each species according to timing of breeding, moulting and migration
(Table 6.2). We assessed the ratio of ﬂying and swimming individuals for each season,
year and species. Only individuals recorded within the counting transect were included.
Lesser Black-backed Gulls are frequently associated with vessels feeding on discard and
oﬀal. Scavengers at the stern are mostly recorded swimming (pers. observation). We
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Table 6.1: Seasonal survey eﬀort and main day periods sampled by aerial surveys (2002-2006)
and ship-based surveys (1990-2006, German Seabirds at Sea database ship v5.07 and plane
v5.06) in the German Bight. Classiﬁcation of seasons as deﬁned for Black-legged Kittiwakes
(see Table 6.2)). CVarea/year= Coeﬃcient of variation of area surveyed in the diﬀerent years
(=standard deviation/mean area surveyed per year)
Season Area CVarea/year Earliest Latest Main time of day
surveyed start time stop time sampled [UTC]
[km2] [UTC] [UTC] (>80% of
area surveyed)
A
er
ia
l
su
rv
ey
s Winter 6327 69% 08:46 16:13 10-13
Spring 9797 60% 06:39 17:54 8-14
Summer 5023 178% 06:50 13:25 8-11
Autumn 3448 80% 06:15 14:59 7-11
Total 24595
Sh
ip
su
rv
ey
s Winter 4630 100% 06:30 17:11 7-13
Spring 3737 81% 04:16 18:29 7-15
Summer 11967 70% 02:38 20:27 7-15
Autumn 7692 73% 03:27 19:52 7-16
Total 28026
consequently incorporated information on vessel association of single individuals in our
analyses of Lesser Black-backed Gulls to test an inﬂuence of vessel association on activity
as well. Moreover, this method allowed us to distinguish between swimming birds that
were associated with vessels and thus active foragers and those swimmers which were
not associated with vessels and thus presumably resting. Very few Kittiwakes (less than
5%, German Seabirds at Sea ship database, version 5.07) and only one Guillemot were
recorded in association with vessels. Thus, we ignored this parameter for the latter two
species.
Seasonal diﬀerences in the ratio of ﬂying and swimming birds and in the proportion of
vessel association were tested independent of interannual variability applying a Gener-
alized linear mixed model (Faraway 2006, GLMM,) in R Version 2.4.1 (http://www.r-
project.org/) using the library lme4 (Bates and Sarkar 2007). The model was set as fol-
lows: response variable = activity[/vessel association], predictor = season or breeding/non-
breeding period (& vessel association), random eﬀect = year, family = binomial. Using
data from aerial surveys (German Seabirds at Sea aerial database, version 5.06), we
tested whether the ratio of ﬂying and swimming birds diﬀered signiﬁcantly between sea-
sons. We then tested whether the species studied showed higher proportions of ﬂying
individuals during the breeding season (or autumn in case of auks) compared to the rest
of the year. Furthermore, we tested the inﬂuence of season and breeding season/non-
breeding season on vessel association of Lesser black-backed gulls.
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Table 6.2: Classiﬁcation of species-speciﬁc seasons for the analysis of activity. Spring covers
the return to the breeding site and egg laying while summer comprises the incubation and
chick-rearing period in all three species (Prüter 1989, Grunsky-Schöneberg 1998, Glutz von
Blotzheim and Bauer 1999)
Winter Spring Summer Autumn
Lesser Black- 01/11  15/03 16/03  15/05 16/05  15/07 16/07  31/10
backed Gull
Black-legged 01/11  29/02 01/03  30/04 01/05  31/07 01/08  31/10
Kittiwake
Common 01/10  29/02 01/03  15/04 16/04  15/07 16/07  30/09
Guillemot
Using data on Lesser Black-backed Gulls and Kittiwakes from ship-based surveys (Ger-
man Seabirds at Sea ship database, v5.07), we distinguished adult and immature birds
according to plumage diﬀerences. Following the diﬀerent plumages, the class of imma-
ture birds comprised 1 to 2 year old Kittiwakes and 1 to 5 year old Lesser Black-Backed
Gulls, respectively. However, note that mean age of ﬁrst breeding is 4-5 years in Black-
legged Kittiwakes (Glutz von Blotzheim and Bauer 1999, Rothery et al. 2002). Thus,
birds identiﬁed as in adult plumage possibly comprise a substantial proportion of non-
breeding immatures and adults. We tested whether the ratio of ﬂying and swimming
birds diﬀered signiﬁcantly between seasons for adults and immatures separately. In case
of signiﬁcant seasonal diﬀerences, we tested whether proportions of ﬂying individuals
diﬀered between the breeding season and the rest of the year. Furthermore, we tested
whether proportions of ﬂying immature Kittiwakes diﬀered between winter and the rest
of the year. No immature Lesser Black-backed Gulls were recorded during winter.
6.2.2 Long-term trends in activity
To check for long-term trends in activity, we tested whether the proportion of ﬂying
adult Lesser Black-backed Gulls, Kittiwakes and Guillemots in the breeding season in-
creased signiﬁcantly over the three periods 1990-1995, 1996-2000 and 2001-2006. Thus,
we applied a Generalized Linear Model (GLM, McCullagh and Nelder 1989) in case of
Kittiwakes and a GLMM for Lesser Black-backed Gulls to compensate for inﬂuence of
vessel association in case of the latter species. The models were built as follows: response
variable = activity, predictors = period + period2, [random eﬀect = vessel association],
family = binomial. In addition, we tested whether the extent of vessel association of
adult Lesser Black-backed Gulls in the breeding season increased signiﬁcantly over time
using a GLM (response variable = vessel association, predictors = period, family = bi-
nomial). Models were selected using backward selection (applying the ANOVA function
in R).
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Figure 6.1: Season-speciﬁc activity of Lesser
Black-backed Gull (top left), Black-legged
Kittiwake (top right) and `Razormot' (Com-
mon Guillemot/Razorbill, bottom) in the
German Bight as recorded during aerial sur-
veys from 2002-2006. sw=swimming, sw-
ves=swimming and associated with ﬁshing
vessel, ﬂ=ﬂying, ﬂ-ves=ﬂying and associated
with ﬁshing vessel. Activity of Lesser Black-
backed Gull in winter is not given due to low
sample size.
6.3 Results
6.3.1 Seasonal diﬀerences in activity
Seasonal diﬀerences in at-sea activity were evident for all species and most age classes.
Analyses of data from aerial surveys revealed signiﬁcantly higher proportions of active
individuals in summer compared to the rest of the year for all three species. According
to data of gulls from ship-based surveys, this pattern holds only true for adult birds
of both gull species, while immature Lesser Black-backed Gulls showed no seasonal
diﬀerences in activity and immature Kittiwakes showed highest proportions of ﬂight
activity in winter. In summer, adult, but not immature Lesser Black-backed Gulls were
associated with vessels to a much higher extent than during in the rest of the year.
Kittiwakes and Razormots observed during aerial surveys showed highest proportions of
ﬂying birds in summer (Fig. 6.1). An exceptionally low proportion of potentially resting
individuals (=swimming, but not associated with a vessel) was recorded for Lesser Black-
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backed Gulls in summer. In contrast, the proportion of ﬂying and swimming individuals
associated with vessels was by far highest in summer (Fig. 6.1).
According to the GLMM, Razormots showed signiﬁcant diﬀerences in activity between
seasons (Table 6.3). The proportion of ﬂying birds was signiﬁcantly higher during breed-
ing season and was signiﬁcantly lower during autumn with only 2 ﬂying individuals of
a total of 397 (0.5%). In correspondence, only 13 individuals out of 1929 (0.7%) were
recorded ﬂying during ship-based surveys in autumn. Activity of Kittiwakes diﬀered sig-
niﬁcantly with season and was signiﬁcantly highest during summer. Activity of Lesser
Black-backed Gulls diﬀered signiﬁcantly with season and vessel attendance. The pro-
portion of ﬂying individuals was highest during summer and decreased with increasing
vessel association (Table 6.3). Analyses of ship data revealed distinct diﬀerences between
season-speciﬁc activity of the diﬀerent age classes (Fig. 6.2). In accordance with aerial
survey data, activity of adult Lesser Black-backed Gulls diﬀered signiﬁcantly with sea-
son and vessel attendance with highest proportions of ﬂying individuals in summer and
an inverse relationship between ﬂying behaviour and vessel association. Activity of im-
mature Lesser Black-backed Gulls was also signiﬁcantly inﬂuenced by vessel association
but did not diﬀer with season. Likewise, activity of adult Kittiwakes diﬀered seasonally
and was highest during summer. Immature Kittiwakes also showed signiﬁcant seasonal
diﬀerences in activity. However, the proportion of ﬂying birds was not higher during the
breeding season but was signiﬁcantly lowest during winter (Table 6.3). Both aerial data
and ship-based data revealed signiﬁcant seasonal diﬀerences in proportion of vessel asso-
ciation of adult Lesser Black-backed Gulls with highest values recorded in summer. The
proportion of vessel association of immature Lesser Black-backed Gulls recorded during
ship-based surveys also diﬀered signiﬁcantly with season but was not signiﬁcantly higher
in summer (Table 6.3).
6.3.2 Long-term trends in activity
Proportion of vessel association and proportion of ﬂying individuals of adult Lesser Black-
backed Gulls as well as proportion of ﬂying individuals of Kittiwakes increased signiﬁ-
cantly in summer over the three periods 1990-1995, 1996-2000 and 2001-2006 (Fig. 6.3,
Table 6.3). The relationship between time and ﬂying activity was best described by a
quadratic model implying a substantial diﬀerence between the ﬁrst and second period
and a weaker between second and third. No such trend was found for Guillemots al-
though levels of activity varied signiﬁcantly between the three periods. Flight activity
was highest in the period 1996-2000 which exhibited lowest mean breeding numbers (2060
AON vs. 2250 AON in 1990-1995 and 2360 AON in 2001-2006, O. Hüppop, pers. comm.)
and lowest in the period of highest breeding numbers.
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Table 6.3: Temporal variation of seabird activity. Results of GLMMs and GLMs (for details see Methods). *** = signiﬁcant at
0.001 level, ** signiﬁcant at 0.01 level, * signiﬁcant at 0.05 level, n.s. = not signiﬁcant at 0.05 level.
Species Data source Model Response Predictor Random p N N
variable variable(s) eﬀect observations groups
LBB gull plane-all GLMM activity season+vessel year season*** 15134 5
association vessel***
LBB gull plane-all GLMM activity summer/rest year summer*** 15134 5
of year + vessel vessel***
association
LBB gull ship-ad GLMM activity season + vessel year season*** 22615 17
association vessel***
LBB gull ship-ad GLMM activity summer/rest year summer*** 22615 17
of year + vessel vessel***
association
LBB gull ship-im GLMM activity season + vessel year season n.s. 3819 17
association vessel***
LBB gull plane-all GLMM vessel season year *** 15134 5
association
LBB gull plane-all GLMM vessel summer/rest year *** 15134 5
association of year
LBB gull ship-ad GLMM vessel season year *** 22615 17
association
LBB gull ship-ad GLMM vessel summer/rest year ** 22615 17
association of year
LBB gull ship-im GLMM vessel season year *** 3819 17
association
LBB gull ship-im GLMM vessel summer/rest year n.s. 3819 17
association of year
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Table 6.3: (continued)
Species Data source Model Response Predictor Random p N N
variable variable(s) eﬀect observations groups
LBB gull ship-ad- GLMM activity period + vessel period*** 8252 2
summer period2 association period2***
LBB gull ship-ad- GLM vessel period - *** 8252 -
summer association
Kittiwake plane-all GLMM activity season year ** 6061 5
Kittiwake plane-all GLMM activity summer/rest year *** 6061 5
of year
Kittiwake ship-ad GLMM activity season year *** 8836 17
Kittiwake ship-ad GLMM activity summer/rest year *** 8836 17
of year
Kittiwake ship-im GLMM activity season year ** 1021 17
Kittiwake ship-im GLMM activity summer/rest year n.s. 1021 17
of year
Kittiwake ship-im GLMM activity winter/rest year ** 1021 17
of year
Kittiwake ship-ad- GLM activity period + - period*** 4860 -
summer period2 period2**
Razormot plane-all GLMM activity season year ** 8176 5
Razormot plane-all GLMM activity summer/rest year ** 8176 5
of year
Razormot plane-all GLMM activity autumn/rest year * 8176 5
of year
Razormot ship GLM activity period + - period*** 3227 -
period2 period2***
99
6 Seasonal diﬀerences in at-sea activity of seabirds
6.4 Discussion
6.4.1 Methodology
It has to be noted that results on proportions of ﬂying and swimming behaviour can
not fully be equated to absolute activity budgets. Considering ﬂying and swimming be-
haviour only, it is not possible to diﬀerentiate between speciﬁc foraging behaviours like
plunge diving, surface dipping, etc. over the entire data set, although such behaviour has
been regularly recorded in most recent years (Camphuysen and Garthe 2004). Further-
more, no information can be collected on frequency and length of dive bouts of Razormots
from a moving observation platform. However, we analysed at-sea surveys only and thus
are not able to incorporate information on length of time spent on land/in the colony
and activity at this site. Lesser Black-backed Gulls usually rest on land throughout the
whole year and we assumed that no diﬀerences exist between time spent on land between
breeding season and the rest of the year. Common Guillemots and Black-legged Kitti-
wakes though are truly pelagic seabirds as they do not return to land at night outside the
breeding season (Furness and Monaghan 1987). However when breeding, they are bound
to spend time in the colony to defend their nest sites, incubate and to feed and guard the
chicks. Thus, breeding birds could restrict resting time to time at the colony to increase
their presence at the nest site while non-breeding birds both forage and rest at sea. On
the other hand, due to dense breeding colonies, much time at the colony is spent with an-
tagonistic and thus presumably costly behaviour (Glutz von Blotzheim and Bauer 1999).
Unfortunately, we had no information on the proportion of resting behaviour and thus
energy expenditure at the colony. However, we assumed that time spent at the colony
can not be fully attributed to resting, i.e. low-cost behaviour. Moreover, according to
long-term studies, colony attendance of Kittiwakes is assumed to be only slightly lower
in spring compared to summer (Tasker and Furness 1996). Our results though reveal
clear diﬀerences between the two seasons (see Fig. 6.1 and 6.2). Thus, we are conﬁdent
that the high values of at sea-activity recorded in summer correspond well to an overall
increase of activity and thus energy demands during the breeding season.
We also have to bear in mind that not all birds wearing adult plumage in the study
area in summer are engaged in breeding activities as they also comprise immature birds
(>1 or 2 years) in the case of Kittiwakes, and summering birds or individuals which
aborted breeding. Like shown in this study for immatures and in contrast to breeding
birds, these non-breeding individuals presumably do not meet higher energetic demands
in summer. Consequently, our estimates of the proportion of active foraging behaviour
of adult birds in summer might underestimate actual values of breeding birds. On the
other hand, immatures which represent our control-group of non-breeders in summer,
might have to invest more eﬀort in foraging activities due to low experience (following
Burger 1987) and thus, our estimates of the proportion of active foraging behaviour
of immature birds in summer presumably overestimate values of older non-breeding
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birds. As a consequence, diﬀerences in at-sea activity budgets between breeders and
non-breeding birds are presumably larger than recorded in our study.
Figure 6.2: Diﬀerences in season-speciﬁc activity between adult (left) and immature (right)
gulls in the German Bight as recorded during ship-based surveys from 1990-2006. Top: Lesser
Black-backed Gull, bottom: Black-legged Kittiwakes; sw=swimming, sw-ves=swimming and
associated with ﬁshing vessel, ﬂ=ﬂying, ﬂ-ves=ﬂying and associated with ﬁshing vessel. Activity
of Lesser Black-backed Gull in winter is not given due to low sample size.
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The three periods used for the trend analyses of activity, 1990-1995, 1996-2000 and
2001-2006, diﬀered slightly with respect to area covered. With a total of 3425 km2, the
ﬁrst period holds a signiﬁcantly lower spatial eﬀort than the second and third period
(4247 and 4294 km2, respectively). This lower value is in particular caused by lower
sampling eﬀort in the nearshore area <20 km from the coast (816 km2 compared to
1676 and 1837 km2). Sampling eﬀort in the oﬀshore region >80 km from coast was
generally low with particularly low eﬀorts in the third period (215 km2 compared to
487 km2 in the ﬁrst period and 408 km2 in the second). However, sampling eﬀort in the
distance classes 20-40 km and 40-80 km from coast did not diﬀer substantially between
the three periods. In a case study in 2002, Lesser Black-backed Gulls showed highest
numbers of vessel association in a distance of 40-60 km from coast (Schwemmer and
Garthe 2005). Thus, the main concentration areas of Kittiwakes as well as of Lesser
Black-backed Gulls in summer and the main region of vessel association of the latter
species (following Dierschke et al. 2004, Schwemmer and Garthe 2005) were sampled
with similar eﬀorts throughout the three periods. We consequently assume our results
on trend analyses not to be biased by diﬀerences in spatial eﬀort.
Next to spatial aspects of survey eﬀorts, timing of surveys with respect to time of
day also inﬂuences results on distribution (chapter 4) and activity due to the fact that
most seabirds exhibit diurnal patterns in activity (Shealer 2002). This problem will be
highlighted in the following for the example of the Kittiwake but is assumed to be valid
for other species in a similar manner. Breeding Kittiwakes in Scotland showed distinct
diurnal diﬀerences in activity according to logger data with highest ﬂight activity in the
morning between 8 and 13 UTC and during late evening (Daunt et al. 2002). Thus, aerial
surveys of the present study covered exclusively periods of highest activity in summer
(see Table 6.1). Consequently, estimated activity budgets are likely to overestimate
actual values of the whole day period. Ship-based surveys covering a broader range
of time of day (Table 6.1) accordingly produced lower activity values for all seasons
(compare Figs. 6.1 and 6.2). However, the general picture of diﬀerences between seasons
is strikingly similar when comparing results of both survey types. Overall, we assume
that our results give reasonable estimates of activity budgets and of the diﬀerences
between seasons and breeders/non-breeders.
6.4.2 Seasonal diﬀerences in activity
Our results conﬁrmed hypothesis (1) by assessing higher proportions of ﬂying or actively
foraging birds in summer compared to the rest of the year. In correspondence to hy-
pothesis (4), activity of Razormots was only slightly (but still signiﬁcantly) elevated in
summer. This corresponds to alcids mainly foraging while swimming and the proportion
of ﬂying being generally low in this species. Tremblay et al. (2003) found that breeding
Guillemots were resting in only 17% of the time they spent at the surface and thus were
active in the majority of the time they spent swimming. Nevertheless, our results imply
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Figure 6.3: Trends in activity of Lesser Black-
backed Gull (top left), Black-legged Kitti-
wake (top right) and `Razormot' (Common
Guillemot/Razorbill, bottom) in the Ger-
man Bight as recorded during ship-based sur-
veys from 1990-2006. sw=swimming, sw-
ves=swimming and associated with ﬁshing
vessel, ﬂ=ﬂying, ﬂ-ves=ﬂying and associated
with ﬁshing vessel
that travel time does indeed comprise a substantial share of total time for Guillemots,
although this species exhibits a mean foraging radius of 5-10 km only around the single
breeding colony in the German Bight on Helgoland (Dierschke et al. 2004). Guillemots
on Helgoland exhibited mean feeding rates of 4.5 ﬁshes/day/chick (Grunsky-Schöneberg
1998). Assuming even shares of feeding bouts for both sexes, total daily travel length of
one parent bird mounts up to 23-45 km (= 4.5 * 2 ways * 5 or 10 km / 2 parents). With
a ﬂight speed of 69 km/h (Pennycuick 1987), each parent bird thus spends 20-40 minutes
travel time per day, about 2-4% of total day length assuming a mean day length of 17
h (Grunsky-Schöneberg 1998). This value corresponds well to the proportion of ﬂying
individuals (3.1%) recorded in our study for the summer period although the latter prob-
ably doubles the proportion of daily travel time assuming a colony attendance value of
50% (following Tasker and Furness 1996). In contrast, breeding Guillemots mounted
with activity recorders in Newfoundland and Norway spent 10% and 11% respectively
of their time at sea ﬂying (Cairns et al. 1987, Tremblay et al. 2003). The study site in
Newfoundland however hosts 77,500 pairs (BirdLife International 2007). Thus, higher
values of travel time at this site can be explained by longer distances travelled due to
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high densities in the vicinity of the colony (following Ashmole 1963, Lewis et al. 2001).
Breeding numbers at the study site in Norway however were of the same size as at Hel-
goland (Sandvik et al. 2005). Our results do not imply a positive correlation between
colony size and foraging activity for Guillemots. In contrast, highest levels in activity
coincided with lowest values of breeding numbers at Helgoland. Overall diﬀerences in
breeding numbers though were low and consequently do not allow further conclusions.
The recorded low values of ﬂying Razormots in autumn correspond to the moulting and
chick-guarding period of Guillemots. It is striking that virtually no ﬂying individuals
were recorded within a period of 76 days (16 July  30 September) although adults
are ﬂightless for a period of only 45-50 days (Glutz von Blotzheim and Bauer 1999).
However, Guillemot chicks, exhibiting an intermediate post-hatching development, still
need approximately 70 days after leaving the colony to ﬂedge completely (Glutz von
Blotzheim and Bauer 1999).
In contrast to adults, the proportion of neither ﬂying individuals nor vessel association
of immature gulls was signiﬁcantly elevated in summer (conﬁrming hypothesis 2). With
immatures corresponding to non-breeding birds and the majority of adults comprising
breeding birds, our results support the assumption that breeding birds spend higher
proportions of time per day for foraging activities (a) compared to non-breeding birds
in the same period and (b) compared to the non-breeding period. Chick-rearing birds
thus do not only carry out longer foraging trips (Golet et al. 1998) but also allocate time
at sea diﬀerently. These ﬁndings reveal two aspects: In comparison to non-breeders,
(1) breeding birds need to exhibit higher foraging eﬀorts to meet self-provisioning plus
chick-rearing demands, and (2) breeding birds spend more energy by being engaged in
high-costly behaviour like ﬂying and foraging at vessels. It is known that chick-rearing
birds increase their working level by 33-50% compared to the non-reproductive level
(Drent and Daan 1980). Correspondingly, the proportion of ﬂying Kittiwakes recorded
in summer during aerial surveys of our study was nearly 20% higher compared to spring
and more than 25% higher compared to autumn.
A quarter of all Kittiwakes observed in summer during aerial surveys in our study was
swimming. This value is well in accordance with the proportion of the foraging trip
spent on the sea surface recorded by activity loggers for breeding Scottish Kittiwakes
(25.0% during daytime, Daunt et al. 2002) and Kittiwakes in Alaska (21.4% ± 15.8%,
Jodice et al. 2003).
As hypothesized, immature Kittiwakes showed highest activity budgets in winter indi-
cating an energetic bottleneck in this season. Correspondingly, adult Kittiwakes showed
second-highest activity during winter following values of the breeding season (Figs. 6.1
and 6.2). The winter period generally represents an extremely demanding season for
seabirds of the temperate zone due to low food availability, high frequency of adverse
weather conditions, high thermoregulatory costs due to low temperatures of water and
air and short day length (summarized in Daunt et al. 2006). In accordance, highest
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mortality of Kittiwakes is recorded in winter and mortality rates of inexperienced one-
year olds exceed values of older birds (Coulson and White 1959, Aebischer and Coulson
1990). Kittiwakes experience high thermoregulatory costs in winter due to low water
temperatures and are thus expected to compensate these costs by suitable behaviour
(Humphreys et al. 2007). In accordance with the adaptations of animals coping with
cold stress predicted by Scholander et al. (1950), one could assume Kittiwakes to exhibit
higher proportions of active behaviour in winter to minimize thermoregulatory costs by
increasing heat production. Yet, this seems rather unlikely as ﬂight costs of Kittiwakes
are comparatively high (6-7x BMR, Jodice et al. 2003). Besides, thermoregulatory costs
should be of the same height concerning both adults and immatures. Portions of ﬂy-
ing immatures though were substantially higher than those of adults (53% compared to
46%). Likewise, wintering immature Common Cranes Grus grus have to spend more
time feeding than adults to achieve the same daily food intake rates (Alonso and Alonso
1993). Age-related foraging success was found in a variety of birds, e.g. in songbirds and
waders (Puttick 1984, Desrochers 1992). Thus, the observed high proportions of ﬂying
behaviour of immature Kittiwakes presumably reﬂect the need for intensiﬁed foraging
eﬀorts due to lower foraging abilities.
6.4.3 Long-term trends in activity
Our study revealed increasing levels of foraging activity for the two gull species both
with respect to vessel association and ﬂying individuals over the three periods 1990-1995,
1996-2000 and 2001-2006. However, the increase of ﬂight activity was most deﬁnite
between the ﬁrst periods, 1990-1995 and 1996-2000, and less pronounced or not present
between 1996-2000 and 2001-2006. This increase presumably reﬂects higher intraspeciﬁc
competition due to strong increases in breeding numbers (following Ashmole 1963, Lewis
et al. 2001). In accordance, no such trend was revealed for Guillemots which exhibited
relatively stable breeding numbers.
In addition, food availability might have deteriorated due to ecosystem changes. Thus,
Weijerman et al. (2005) identiﬁed a possible regime shift in the North Sea and the
Wadden Sea in 1998 on the basis of various physical and biological parameters though
results were not as distinct as for earlier regime shifts in 1979 and 1988. This analysis
incorporated amongst others data on ﬁsh abundance, a factor that is most likely to
inﬂuence food availability and thus foraging behaviour of Kittiwakes and Lesser Black-
backed Gulls in the study area as both species feed on ﬁsh to a high extent (Kubetzki and
Garthe 2003, chapter 3). In conclusion, major ecosystem changes indeed took place in
the late 1990s, being reﬂected in the occurrence of plankton and ﬁsh and thus probably
inﬂuencing activity budgets of seabirds. However, the situation of top predators in the
southern and eastern part of the North Sea still seems to be very well when compared
to the northern North Sea as indicated by exceptionally high numbers of seabirds in
the southern North Sea in the last years (Camphuysen 2006) and a shift of the main
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concentration area of Harbour Porpoises Phoceona phocoena from the north to the south
of the North Sea from 1994 to 2005 (Hammond and Macleod 2006).
6.5 Outlook
To the best of our knowledge, our study is the ﬁrst to provide information on activity of
selected seabird species in a given study area throughout the year using data on the whole
regional population. The applied method qualiﬁed above all in assessing activity budgets
of surface-feeding species but was also suited to depict elevated activity in a diving
species. We were able to specify diﬀerences between age classes and seasons. We recorded
high foraging activity in the breeding season due to high demands, i.e. reproductive costs
(self-provisioning plus chick-rearing), and high foraging activity in winter presumably due
to reduced food supply and high costs. Moreover, it was possible to disclose elevated
activity levels from the late 1990s onwards in comparison to the early 1990s indicating
higher levels of intraspeciﬁc competition or reduced food availability.
Results on activity of Kittiwakes correspond well to activity budgets reported in logger
studies. Thus, our analyses of at-sea activity apparently give reasonable estimates of
time-activity budgets. Analyses of aerial and ship-based surveys provided comparable
results proving both data sets suitable for this kind of objectives. Regarding comparisons
of diﬀerent years or periods, the comparison of activity possibly forms a better indicator
of food availability than provisioning rates as activity presumably corresponds better to
eﬀort spent.
The extensive dataset used thus allows the testing of basic theories and provides estimates
of energy expenditure at the level of seasons and for diﬀerent age classes separately. It
ﬁlls a gap in existing studies of seabird biology as information on activity and energy
expenditure is mostly collected in the colony and thus only covers the time period of birds
being present in the colony. Data logger studies can give information on both periods,
time at the colony and time at sea, simultaneously. However, numbers of samples are
mostly small in these studies while our study gives an overview over the at-sea activity
of an entire region. Moreover, most logger studies have generally covered only a short
period of a speciﬁc breeding season while our study provided general information on the
whole breeding season and even more on every other season of the year. However, further
progress in microtechnology has recently enabled attachments of devices to seabirds the
whole-year round. In those cases, individuals can be tracked over vast ocean areas (e.g.
Croxall et al. 2005), and detailed activity data can be derived, often even including
feeding and diving behaviour (Catry et al. 2004, Shaﬀer et al. 2006). Nevertheless, it
has be to be taken into account that such studies deal with handled birds carrying extra
weight and thus may not always produce unbiased results (e.g. Ropert-Coudert and
Wilson 2004). On the other side, it is possible to study individuals that move over a
much larger area than can be covered by ship-based and aerial surveys.
While results on activity of adults in summer lack information on time spent at the colony
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and thus can not be equated to actual activity budgets, results on activity budgets of
non-breeding birds (immatures and birds outside the breeding season) can be directly
incorporated in models of energy expenditure and food consumption. However, it is
recommended to complement results of Lesser Black-backed Gulls by logger studies to
obtain data on time spent on land.
Acknowledgements
Aerial and ship-based surveys comprise data collected under ﬁnancial support of the
Federal Environmental Ministry (BMU) and the Federal Agency for Nature Conserva-
tion (BfN) (projects BOFFWATT, ERASNO, EMSON, MINOS, MINOSplus) as well
as the Verein der Freunde und Förderer der Inselstation der Vogelwarte Helgoland e.V.,
the Ornithologische Arbeitsgemeinschaft für Schleswig-Holstein & Hamburg e.V. and
the Landesamt für den Nationalpark Schleswig-Holsteinisches Wattenmeer. Various ob-
servers contributed to data collection. Access to ships was granted by several private and
public institutions. Ommo Hüppop provided data on breeding numbers on Helgoland.
Sven Adler gave valuable statistical support. The analysis was partly funded by the
project `Zeitlich-räumliche Variabilität der Seevogel-Vorkommen in der deutschen Nord-
und Ostsee und ihre Bewertung hinsichtlich der Oﬀshore-Windenergienutzung' (project
5 of MINOS plus, ﬁnanced by the Federal Environmental Ministry).
107
6 Seasonal diﬀerences in at-sea activity of seabirds
108
7 General conclusions
Several fundamental aspects of the at-sea distribution and habitat choice of seabirds in
the German Bight were so far known but more information is needed to fully understand
seabird distribution patterns and the factors that drive and control them. Temporal vari-
ation of distribution patterns was mainly known at the order of seasons. Less information
was available concerning the extent of temporal variability of seabird distribution pat-
terns at smaller time scales. Concerning habitat choice, the distribution of several species
had been shown to be linked to the occurrence of diﬀerent water masses. However, the
inﬂuence of smaller hydrographic structures was not assessed in detail before. Little in-
formation existed on the connecting link between seabird distribution and hydrography.
It is expected that this link is formed by the hydrography-dependent availability of prey.
Furthermore, habitat choice with respect to water mass associations was so far only as-
sessed during summer while almost no information existed on habitat choice during the
rest of the year. Seasonality of habitat choice was not yet studied with respect to the
quality and the strength of habitat aﬃnities.
This thesis aimed at ﬁlling some of the important gaps described above. I therefore
focused on habitat choice of seabirds in the German Bight and on temporal variability
of seabird distribution patterns. The following objectives were addressed by analysing
dedicated surveys and long-term seabirds at sea survey data:
(1) Identiﬁcation of factors controlling and shaping seabird distribution patterns with
focus on hydrography, in particular on the inﬂuence of small scale hydrographic
structures such as fronts;
(2) Identiﬁcation of the connecting link between hydrography and seabird distribution;
(3) Assessment of the extent of temporal variability at smaller time scales and identiﬁ-
cation of possible controlling factors;
(4) Assessment of the seasonality of habitat choice with respect to diﬀering preferences
and varying strength of habitat bonds, and assessment of the seasonally varying
demands of seabirds.
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7.1 Small scale temporal variability of distribution
patterns
Small scale temporal variability was above all assessed by repeatedly surveying speciﬁc
transect routes on consecutive days and on the same day. Furthermore, we studied
diﬀerences in distribution patterns of Black-legged Kittiwakes Rissa tridactyla between
diﬀerent times of day on the basis of long-term ship-based survey data (chapter 4).
Seabird distribution patterns in the German Bight were shown to vary substantially at
smaller temporal scales, i.e. at the order of days or hours (chapter 4). According to
ship-based and aerial surveys, distribution and abundance especially of gulls and terns
varied signiﬁcantly between consecutive survey days. In contrast, distribution patterns
of Common Guillemots Uria aalge did not diﬀer between consecutive survey days or were
relatively similar. This higher stability might be explained by the fact that Guillemots
forage while diving and spend far more time swimming than ﬂying. Gulls on the other
hand are surface-feeders which are restricted to prey concentrations at the sea surface.
While Guillemots exploit the third dimension of their marine habitat, gulls have to
sample large areas in search for food two-dimensionally. Time of day had a signiﬁcant
inﬂuence on the distribution and abundance of gulls. Thus, the at-sea occurrence of
Kittiwakes was restricted to the vicinity of the colony in the morning and evening and
reached highest abundance values as well as maximum distance from the colony in the
early afternoon.
7.2 Environmental factors inﬂuencing seabird
distribution patterns
In the course of this thesis, the following factors were found to inﬂuence seabird abun-
dance and distribution signiﬁcantly:
• large scale hydrographic structures, i.e. water masses (chapter 5),
• small scale hydrographic structures, i.e. fronts (chapter 2),
• tidal stage (chapter 4),
• maximum wind speed (chapter 4),
• ﬁshing activity (chapter 4).
A signiﬁcant association with a speciﬁc water mass was in particular found for all truly
pelagic species, i.e. Northern Fulmar Fulmarus glacialis, Northern Gannet Sula bassana,
Black-legged Kittiwake and Common Guillemot all of which were associated with the
Central North Sea water mass at least in one studied season. Coastal species with
an aﬃnity for the Continental Coast water mass comprised Common Gull Larus canus,
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Sandwich Tern Sterna sandvicensis and Common Tern Sterna hirundo. The distribution
of all other gull species was not signiﬁcantly correlated to a speciﬁc water mass but
Herring Gulls Larus argentatus showed a trend for an association with the Continental
Coast water mass. This low inﬂuence of hydrographic structures might be explained by
the highly opportunistic foraging behaviour of gulls. All resident Larus gulls exploit a
variety of food sources and are able to switch between diﬀerent foraging habitats such
as the neritic, the intertidal and the terrestrial habitat (e.g. Kubetzki and Garthe 2003,
Schwemmer and Garthe 2005, 2008). Moreover, the distribution of Black-headed Gull
Larus ridibundus and Herring Gull is restricted to the vicinity of the coast and is thus
less inﬂuenced by the marine habitat and its hydrography.
With respect to the whole seabird community, small scale hydrographic structures did
not play a role as important as larger hydrographic structures, i.e. water masses, in
the German Bight. However, the inﬂuence of fronts can be substantial as revealed by
Skov and Prins (2001) for Red- throated Gavia stellata and Black-throated Divers Gavia
arctica and as could be shown in this thesis in particular for Black-legged Kittiwakes
(chapters 2 and 4). A signiﬁcant inﬂuence of fronts was also recorded for Great Black-
backed Gulls Larus marinus. In addition, Lesser Black-Backed Gulls Larus fuscus and
Herring Gulls were observed to concentrate at these structures. The observed fronts
were either short-lived or highly dynamic in location and strength. Thus, distribution
patterns of seabird species such as gulls and divers which concentrate along the described
fronts undergo spatio-temporal variation, following variation of the frontal system. In
accordance, high variability at the order of days was recorded for distribution patterns
of Black-legged Kittiwakes (chapter 4).
An inﬂuence of tidal stage on the abundance of Black-headed, Common, Lesser Black-
backed and Herring Gull can at least partly be explained by the high importance of
the intertidal habitat for foraging Larus gulls (Kubetzki and Garthe 2003). Thus, lower
numbers of gulls in the gullies at ebb tide can presumably be related to higher for-
aging activity on the surrounding mud ﬂats. Colony-based observations in the study
area indeed revealed highest ﬂight activity towards the mud-ﬂats during ebb tide for
Black-headed Gulls (Schwemmer and Garthe, in press). This tidal stage oﬀers proﬁtable
foraging conditions for seabirds due to high availability of benthic animals exposed by
the retreating waterline (following Gibson 2003). Accordingly, the higher numbers of
gulls in the gullies during ﬂood tide coincided with a higher amount of resting behaviour
during this tidal stage. On the other hand, ﬂood tide could also be related to higher
numbers of prey such as ﬁsh and larger crustaceans active in the water column of the
water body (following Del Norte-Campos and Temming 1994, Aagaard et al. 1995).
Strong wind had a negative eﬀect on the occurrence of Black-headed, Common, Lesser
Black-backed and Herring Gull. An avoidance behaviour to strong winds is also known
for Kittiwakes (Manikowski 1971). Strong winds constrain ﬂight performance and in-
crease ﬂight costs (Woodcock 1940, Manikowski 1971). Kittiwakes avoid ﬂying in strong
gusts and endure periods of strong winds swimming in a ducked position (Glutz von
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Blotzheim and Bauer 1999). In accordance, the proportions of resting behaviour of the
four Larus gulls was higher during strong winds. In addition, natural food availability
is reduced by strong winds (Dunn 1973, Finney et al. 1999). Thus, gulls most probably
shifted to the more sheltered terrestrial habitats during periods of strong winds.
Fishing activity had a signiﬁcant positive inﬂuence on the occurrence of Black-headed,
Common, Lesser Black-backed and Herring Gulls. All gulls are generally known to feed
on discards but an inﬂuence on distribution is seldom found. However, Garthe (1997)
revealed a signiﬁcant inﬂuence of trawler abundance on the distribution of Black-headed
and Herring Gull during summer in the German Bight.
In addition, analyses of long-term activity data indicated a higher importance of ﬁsheries
discards for Lesser Black-backed Gulls during the breeding season (chapter 6). This
trend however was not reﬂected in long-term studies of diet composition of Lesser Black-
backed Gulls breeding in two of the largest colonies of the German North Sea coast (FTZ,
unpublished data).
Studies on the inﬂuence of environmental factors on seabird distribution are complicated
by the fact that these factors are interrelated, i.e. can not be studied independently. Thus,
numbers of trawlers decreased with increasing maximum wind speed (chapter 4) and no
ﬁshing takes place during stormy periods. Consequently, strong winds cause a reduction
of natural and anthropogenic food sources for seabirds.
Moreover, the inﬂuence of ﬁshing activity interacts with the inﬂuence of hydrography
on the distribution of seabirds. During the winter cruise studied in chapter 5, single
individuals of Northern Fulmar and Common Gull which occurred in their respective
non-preferred habitat type were nearly always associated with actively ﬁshing trawlers
(Fig. 7.1a,b). Earlier studies of the distribution of Northern Fulmars in the North Sea
concluded that, although the Fulmar regularly feeds on discard and oﬀal, the observed
distribution pattern of this species was hardly inﬂuenced by ﬁshing activity itself, but
was rather well-explained by hydrographic parameters (Camphuysen and Garthe 1997).
This relation was already presumed by Brown (1970) and later conﬁrmed again by Skov
and Durinck (2001). The latter found higher numbers of ship-following individuals of
both Fulmars and Common Gulls in their preferred habitat types. However, the ﬁndings
presented here favour the assumption that, despite occurring in lower absolute numbers
in their respective non-preferred habitats, both species are more dependent on anthro-
pogenic food sources like discard in these areas, possibly because of lack of suitable
natural food sources. Thus, the distribution of Northern Fulmars and presumably also
Common Gulls seems to be primarily driven by hydrography and secondarily inﬂuenced
by ﬁshing activity.
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Figure 7.1: Distribution of Northern Fulmar (a) and Common Gull (b) during cruise W in
October/November 1993 (see chapter 5) in comparison with sea surface salinity and occurrence
of ﬁshing trawlers. Seabird distribution maps were created by calculating densities (sum of
individuals / sum of surveyed area) for 3' latitude x 6' longitude grids. Salinity [psu] was
mapped by interpolating measurements.
7.3 The link between hydrography and seabird
distribution
Hydrography is not the resource seabirds are searching for but rather indicates food
availability for the birds indirectly. Or, in other words, as a colleague expressed it at a
conference: `Birds don't eat temperature.' Hence, the link between hydrography and the
distribution of seabirds is their prey. This thesis could show that valuable information
on this link can be derived by diet studies. Thus, analysis of the diet composition of
Kittiwakes from the breeding colony on Helgoland revealed juvenile Whiting Merlangius
merlangus to be the main prey (chapter 3). According to the literature, these ﬁsh
concentrate in frontal areas and are in addition highly abundant in the German Bight in
summer. Moreover, ﬁsheries biologists recorded high concentrations of juvenile Whiting
in the upper water column in the vicinity of Helgoland. This is in contrast to the general
classiﬁcation of Whiting being a demersal species. Based on the latter assumption, earlier
studies on the diet composition of Kittiwakes concluded Whiting to be mainly available
for Kittiwakes in the form of ﬁsheries discard. However, results of chapter 3 lead to the
conclusion that Whiting in the diet of Kittiwakes at Helgoland does not originate from
discards but was preyed upon by Kittiwakes in the frontal areas of the German Bight.
This conclusion is based on a number of studies and ﬁndings. However, further proof
should be achieved by directly sampling food availability for seabirds in the study area.
In this context, studies on seabird diet composition should be combined with sampling
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of prey available to seabirds at diﬀerent hydrographic structures, in particular at fronts.
However, these aims are diﬃcult to fulﬁl as the highly dynamic fronts are not easy to
locate in the ﬁeld. Moreover, they are short-lived and predictable only to a low degree.
Studies should thus concentrate on regions with known high occurrence of fronts which
in the same time are known as concentration areas of seabirds. A suitable study site
would therefore be the sea area around Helgoland.
7.4 Seasonality of habitat choice
Seasonality of habitat choice comprises both diﬀerences in the quality and the strength of
habitat bonds. Within this thesis, no obvious contrasts in habitat preferences were found
between winter and late summer (chapter 5). However, preferences of Common Gulls for
the Continental Coast water mass and of Black-legged Kittiwakes for the Central North
Sea water mass were stronger in winter. On the other hand, Northern Fulmars and
Common Guillemots showed strongest associations to the Central North Sea water mass
in summer. The relatively higher abundance of Fulmars, Guillemots and Common Gulls
in the Continental Coast water mass during winter were related to a presumably better
food availability of this habitat in winter. Although Kittiwakes did not show a preference
for a speciﬁc water mass in summer, they were strongly associated with hydrographic
fronts during both summer surveys and hence showed strong habitat bonds (chapter 2).
Seasonal diﬀerences in activity revealed higher levels of activity for Common Guillemots,
Black-legged Kittiwakes and Lesser Black-backed Gulls during summer (chapter 6). In
the case of Guillemots, these were attributed to a higher amount of travelling time
caused by the need to commute between foraging areas and the colony. Higher activity
levels of the two gull species on the other hand were above all referred to a higher
amount of active foraging behaviour in the course of meeting higher demands during
the breeding season. All other seasons were characterised by higher amounts of resting
behaviour. Hence, one might expect birds to show a stronger bond to preferred foraging
areas during summer as resting birds are assumed to show weaker associations with
prey patches. This result is well in accordance with the ﬁnding that the distribution of
Kittiwakes correlated signiﬁcantly with the occurrence of hydrographic fronts in summer.
Frontal areas are characterised by high occurrence of biomass due to passive aggregation
and enhanced primary production. A high abundance of organisms at diﬀerent levels
of the food chain thus presents favourable feeding conditions for predators such as ﬁsh
and consequently attracts also piscivorous seabirds like the Kittiwake. In chapter 3,
the main prey species of Kittiwakes in the German Bight was shown to be Whiting, a
ﬁsh species which concentrates in frontal areas. Consequently, frontal areas are major
foraging grounds for Kittiwakes in the study area.
No signiﬁcant association to hydrographic structures, neither water masses nor fronts,
was revealed for the Lesser Black-backed Gull in this thesis. Analyses of activity however
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indicated an important role of an anthropogenic food source, i.e. ﬁsheries discards (see
also chapter 4). The level of association with ﬁshing vessel was highest during summer,
thus conﬁrming the assumption of a stronger bond to foraging habitats during this
season.
Both summer cruises analysed in chapter 5 fall into the `autumn' period as classiﬁed
for Guillemots (see Table 6.2, page 95). Guillemots are almost exclusively encountered
swimming during this season (chapter 6), as they are moulting and guarding their not-yet
ﬂedged chicks at sea. Due to their heavily restricted mobility, Guillemots can be expected
to stay within proﬁtable feeding grounds during their ﬂightless period. Consequently, a
strong habitat bond is highly probable during this period and was indeed found in
chapter 5.
7.5 Inﬂuence of competition on seabird distribution
patterns and regulation of seabird populations
Although habitat choice is assumed to be mainly controlled by the availability of spe-
ciﬁc resources (Bairlein 1996), it is also inﬂuenced by the presence of other individuals.
Conspeciﬁcs and other members of the marine fauna can e.g. attract seabirds or even
enhance their foraging success (e.g. Götmark et al. 1986, Camphuysen and Webb 1999).
On the other hand, other individuals might act as predators or competitors and may
thus inﬂuence seabird distribution negatively (e.g. Camphuysen 2002). Ashmole (1963)
suggested that breeding seabirds deplete prey stocks in the vicinity of the colony. An
increase in colony size would therefore lead to stronger intraspeciﬁc competition and an
extension of depleted areas, resulting in longer foraging trips (Ashmole 1963). A posi-
tive correlation between colony size and foraging trip duration was recently revealed for
Northern Gannets nesting in Britain and Ireland (Lewis et al. 2001).
An extension of the foraging area due to intraspeciﬁc competition was also indicated by
diﬀerent results of this thesis. Thus, the period of maximum distance from colony of
breeding Black-legged Kittiwakes coincided with the peak of total numbers at sea, when
observed throughout the day (chapter 4). Moreover, ﬂight activity of adult Kittiwakes
and Lesser Black-backed Gulls during the breeding season increased signiﬁcantly over a
period which was also characterised by substantial increases in breeding numbers of both
species (chapter 6). Hence, intraspeciﬁc competition might have caused an extension of
depleted areas around the breeding site forcing birds to forage at increasing distances
from the colony. A reduction of natural prey stocks might also be reﬂected by the fact
that proportions of Lesser Black-backed Gulls scavenging at ﬁshing vessels increased over
the same period (chapter 6).
Diﬀerences in the distribution of Kittiwakes between diﬀerent times of day however can
not be referred to actual prey depletion but might reﬂect reductions in food availability
through avoidance behaviour of disturbed prey (Lewis et al. 2001).
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These results and the ﬁndings that adult birds show a signiﬁcantly higher at-sea ac-
tivity during the breeding season (chapter 6) support the assumption of seabird pop-
ulations being regulated by density-dependent food supply during the breeding period
(Ashmole 1963). Lower levels of Kittiwake activity during winter (chapter 6) on the
other hand contradict Lack's hypothesis of a regulation of seabird populations through
density-dependent mortality outside the breeding season (Lack 1966). Thus, in spite
of higher thermoregulatory costs and a presumably lower food availability in winter,
birds allocate lower proportions of the day to active foraging behaviour. Taking shorter
periods of daylight during winter into account, overall foraging time presumably is com-
paratively low. These ﬁndings lead to the conclusion that density-dependent eﬀects do
not play a major role outside the breeding season.
7.6 Status of the Black-legged Kittiwake in the
German Bight and its role as a bioindicator
In the North Sea, breeding numbers of Black-legged Kittiwakes have declined by more
than 50% since 1990 (Frederiksen et al. 2004, Heubeck 2004, ICES-WGSE 2006). These
severe declines were in particular experienced in the northern breeding colonies that
represent the main concentration areas of Kittiwakes in the North Sea. The reasons for
this negative population trend are still not explained in detail. However, declines are
connected to a low breeding success which is likely to result from low food availability
and low food quality (Frederiksen et al. 2004, Wanless et al. 2005, ICES-WGSE 2006,
Wanless et al. 2007).
In contrast to the situation in the northern North Sea, the breeding colony in the south-
eastern North Sea at Helgoland did not suﬀer declines. Instead, breeding numbers
continued to increase strongly and in the end doubled in size since 1990. Only the last
years have shown a period of stagnation (chapter 3). This positive trend is presumably
connected to favourable feeding conditions in the German Bight. In this thesis, it could
be shown that Kittiwakes of the breeding colony at Helgoland feed mainly on juvenile
Whiting (chapter 3). This result parallels earlier studies on the diet of Kittiwakes at
Helgoland from the 1980s and 1990s (Vauk-Hentzelt and Bachmann 1983, Prüter 1989,
Maul 1994). Juvenile Whiting, which concentrate in the German Bight in summer,
presumably do occur at the sea surface in frontal areas (following Flöter 2005 and infor-
mation on ﬁsheries research catches, D. Stepputtis, pers. comm.). Within this thesis, a
signiﬁcant inﬂuence of hydrographic fronts on the distribution of Kittiwakes in summer
was revealed by several diﬀerent analyses (chapters 2 and 4). These results underline the
high importance of frontal areas in the German Bight for foraging Kittiwakes. This link
to short-lived or dynamic small scale hydrographic structures is believed to result in high
temporal variability of at-sea distribution patterns of Kittiwakes. Short-term variation
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in Kittiwake distribution was indeed revealed by repeated aerial surveys conducted in
the course of this thesis (chapter 4).
The population trend of Whiting in the North Sea is not known but a decreasing trend is
indicated for spawning stock biomass as well as stocks of juvenile ﬁsh (ICES-WGNSSK
2006, S. Ehrich, pers. comm.). This apparent decline however was mainly recorded
in the northern North Sea while the stock in the southern North Sea presumably in-
creased (ICES-WGNSSK 2006). Positive population trends in the southern North Sea
are also shown by other pelagic ﬁsh species. E.g., a new spawning stock of Anchovy En-
graulis encrasicolus has recently been discovered in the German Bight (ICES-SGRESP
2006). Moreover, several seabird species in the southern and south-eastern North Sea,
in particular terns (Sternidae, E. Stienen and A. Dähnhardt, pers. comm.), experienced
extraordinarily high breeding success in 2007 due to high abundance of Herring Clupea
harengus. Thus, current foraging conditions for seabirds and other piscivorous predators
presumably are favourable in the southern North Sea, in particular in comparison to the
situation in the northern North Sea. This assumption is underlined by extraordinarily
high numbers of seabirds and marine mammals recorded in recent years in the southern
part of the North Sea (Camphuysen 2006, Hammond and Macleod 2006).
Top-predators such as seabirds have repeatedly been suggested as indicators of marine
prey stocks, thus providing information on marine ecosystem status (Montevecchi 1993,
Monaghan 1996, Wanless et al. 2007). Seabirds are highly suitable for this role as
they are very conspicuous and often accessible in large colonies. Moreover, due to their
restricted foraging area during the breeding season, their breeding performance, foraging
behaviour and above all diet composition reﬂects physical and trophic conditions within
a deﬁned sea area (Wanless et al. 2007).
The Black-legged Kittiwake represents a particularly suitable bioindicator (Monaghan
1996, Furness and Tasker 2000, Wanless et al. 2007). Being predominantly piscivorous,
it is at the top of the marine food chain. Moreover, it is more vulnerable to reductions
in food availability than other seabird species as it is restricted to prey concentrations at
the sea surface due to its surface-feeding foraging technique (Monaghan 1996, Furness
and Tasker 2000). Thus, future studies of breeding numbers, breeding performance,
foraging behaviour and diet composition of Kttiwakes at Helgoland could provide the
potential to evaluate the situation of marine prey stocks in the German Bight and to
identify major ecosystem changes.
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